RESOLUTION NO. 22-06-03

WHEREAS, SMUD has a long history of environmental leadership in our
resource planning and procurement activities and has adopted greenhouse (GHG)
reduction goals that exceed those set by the State of California; and

WHEREAS, California enacted the Clean Energy and Pollution Reduction
Act of 2015 (SB 350, De Leon) to set new objectives in clean energy and pollution
reduction for 2030 and beyond; and

WHEREAS, SB 350’s objectives included an increase from 33 percent to
50 percent by 2030 in the procurement of renewable energy from eligible renewable
resources, as well as achievement of carbon reduction targets established by the
California Air Resources Board (CARB) for large local publicly owned electric utilities;
and

WHEREAS, California enacted The 100 Percent Clean Energy Act of
2018 (SB 100, De Leon), which accelerates renewable energy procurement to 60
percent by 2030 and directs further study of how electric utilities like SMUD can
ultimately supply 100 percent of their annual sales of electricity from zero carbon
resources by 2045; and

WHEREAS, SB 100 further directed publicly owned utilities (POUS) to
adopt integrated resource plans (IRPs) by January 1, 2019, in addition to a process for
updating those IRPs at least once every five years; and

WHEREAS, by Resolution No. 18-10-11 adopted on October 18, 2018,
this Board adopted SMUD’s initial Integrated Resources Plan (SMUD IRP), which

included a process for updating the SMUD IRP at least once every five years; and



WHEREAS, SMUD filed the SMUD IRP with the California Energy
Commission (CEC) on April 29, 2019, in compliance with SB 350; and

WHEREAS, on December 11, 2019, the CEC adopted the Executive
Director’s determination finding SMUD’s IRP filing consistent with the requirements of
Public Utilities Code section 9621; and

WHEREAS, by Resolution No. 20-07-05 adopted on July 16, 2020, this
Board declared a Climate Emergency and directed the Chief Executive Officer and
General Manager (CEO/GM) to report on clear, actionable and measurable strategies,
and plans to reach SMUD’s climate emergency goals of carbon neutrality by 2030; and

WHEREAS, staff worked to identify a flexible pathway for SMUD to
eliminate all of its power supply carbon emissions by 2030 thus developing a roadmap,
SMUD’s 2030 Zero Carbon Plan, based on internal modeling, Board and stakeholder
input, and extensive community outreach; and

WHEREAS, by Resolution No. 21-04-05 adopted on April 28, 2021, this
Board accepted SMUD’s 2030 Zero Carbon Plan with clarifications; and

WHEREAS, since April 2021, SMUD has updated its Renewable Energy
Resources Procurement Plan (RPS Procurement Plan) to align with SMUD’s 2030
Zero Carbon Plan; and

WHEREAS, because SMUD’s 2030 Zero Carbon Plan, as presented to
this Board on June 16, 2022, meets or exceeds all requirements set forth in Public
Utilities Code section 9621, staff recommends its formal adoption as SMUD’s IRP

Update, which, following adoption, staff will file with the CEC; NOW, THEREFORE,



BE IT RESOLVED BY THE BOARD OF DIRECTORS
OF THE SACRAMENTO MUNICIPAL UTILITY DISTRICT:

Section 1. This Board adopts SMUD’s 2030 Zero Carbon Plan as
SMUD'’s Zero Carbon Integrated Resource Plan, an update to SMUD’s Integrated
Resources Plan (SMUD IRP) adopted by this Board on October 18, 2018, substantially
in the form set forth in Attachment B, in compliance with Public Utilities Code section
9621.

Approved: June 16, 2022

INTRODUCED: DIRECTOR HERBER
SECONDED: DIRECTOR KERTH
DIRECTOR AYE NO ABSTAIN ABSENT
ROSE X
BUI-THOMPSON X
FISHMAN X
HERBER X
KERTH X
TAMAYO X
SANBORN X
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Introduction

In July 2020, Sacramento Municipal Utility District's (SMUD’s) Board of Directors adopted a
climate emergency declaration, prompting SMUD to develop a bold and ambitious plan for
reaching zero carbon by 2030 while ensuring we continue to provide safe, reliable, affordable
and inclusive power to our customers and community. This 2030 Zero Carbon Plan is a flexible
road map to eliminate greenhouse gas emissions (GHG) from our power supply by 2030. It was
developed following completion of several technical studies.

We have identified investments in local solar and large-scale batteries as well as a plan to
repurpose and retire our natural gas power plants. We can achieve our goals most effectively
through customer partnershipsthat embrace more distributed energy resources (DERS). Our
studies found that new technologies and renewable fuels are needed to achieve our goals most
cost-effectively.

This Plan was developed in collaboration with our stakeholders through several events and
public meetings between December 2020 and March 2021. As we implement this flexible plan,
we’ll continue seeking inputs and ideas from our customers, community and other stakeholders.

This report is organized as follows:

e SMUD’s carbon reduction journey is a retrospective look at the work SMUD has
done so far to reduce our carbon footprint.

e Building resilient customers and communities is a snapshot of the work SMUD has
undertaken to support under-resourced communities and low-income customers.

e A historyof planning for the future is a brief summary of our previous long-term plan
and aspects we’re building upon in this 2030 Zero Carbon Plan.

e The Energy system overview provides asnapshot of our current energy delivery
system, which is the foundation that we’ll build our 2030 strategies upon.

e Then, we focus on the development of our 2030 Zero Carbon Plan. This includes an
overview of our 2030 Zero Carbon Plan, our public consultation process and
describes the plan structure.

e Our plan is divided into four strategies — natural gas generation repurposing, proven
clean technologies, new technology and business models and finance — that
make up our flexible road map to eliminate GHGs from our power supply by 2030.

e Implementation of our plan will require close coordination with local, state and federal
regulations. Our government affairs strategy provides a plan to ensure we’re closely
coordinated with many governing partners.

e Our report concludeswith our Action plan and risk mitigation strategy.

About SMUD

SMUD is a community-owned, not-for-profit utility that generates, transmits and distributes
electricity. SMUD began serving Sacramento in 1946 and is now the nation’s 6t"-largest
community-owned electric utility, serving a population of over 1.5 million people and providing
services to about 640,000 residential and commercial customers. Our service territory is nearly
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900-square-miles and includes California’s capital city, most of Sacramento County and small
slices of Placer and Yolo counties.

Our vision is to deliver clean energy with zero carbon emissions while maintaining our
commitment to reliable service, sustainable communities and affordable rates.

As a community-owned utility, SMUD is governed by a 7-member Board of Directors elected by
voters to serve 4-year terms. Our Board of Directors determines policy direction and appoints
our Chief Executive Officer & General Manager, who is responsible for SMUD’s day-to-day
operations.

Climate change

Temperatures around the world are rising and 2020 tied with 2016 as the hottest years on
record.! Climate science has shown that fossil fuel combustion and land use changes disrupting
carbon sinks? have greatly increased atmospheric concentrations of GHGs, resulting in climate
change and a wide range of cascading impacts to ecosystems and economies around the
world. The changing climate is already impacting SMUD’s operations, employees, customers,
communities and plans for the future.
Locally, the impacts of climate change Figure 1. Impact of climate changon hun health
include extreme heat, droughts, g uma

wildfires, flooding, species loss, rising Injuries, fatalities,
sea Ievels and human d|Sp|acement mental health impacts cardiovascular disease :
Research suggests that the number of it - A
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Increasin:
Environ- 9

nearly 20% of our region’s workforce Forc 4 Wit IR B T
that work in high climate risk e i eancts .

industries, such as manufacturing, R it

construction and agriculture. These b

industries may experience labor e icn oy,

pl‘Od UCt|V|ty decreases between 1% 4 cam:::o:’::fi?(aeg:z:::;:’:rsosns,

and 2.2% by the late century. 4

Source: Federal Centers for Disease Control & Prevention

L https://www.noaa.gov/news/2020-was-earth-s-2nd-hottest-year-just-behind-

2016#:~:text=It's%200fficial %63A%202020%20ranks%20as ,an%20analysis%20by%20NOAA%20scientists .

2 Carbon sinks thatoccur in nature include plants, soiland the ocean, which naturally absorb atmospheric carbon.

3 Risky Business Project. From Boom to Bust? Climate Risk in the Golden State. April 2015. Available online:
https://riskybusiness.org/site/assets/uploads/2015/09/California-Report-WEB-3-30-15.pdf. Last access: 05 Jan. 2021.
4ibid
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In the past, correlation in historical weather patterns, such as average temperatures or
snowpack, could be used as reasonable predictors of customer electricity load and generation
from SMUD’s Upper American River Project (UARP) hydroelectric system. However, we’re in a
period of uncertainty where historical datais no longer a reliable indicator of the future.
Prolonged droughts and lower-than-average snowpack results in less water available to
generate hydroelectric power, which is one of the cleanest and most economical power sources
we have. These challenges also present opportunities to accelerate our pursuit of sustainable,
resilient and cost-effective solutions. SMUD is committed to evolving our operations and
business practices to keep pace with these changes.

Climate emergency

In recognition of the severity of the global climate emergency, in July 2020, SMUD’s Board of
Directors adopted a Climate Emergency Declaration requiring SMUD to work toward our most
ambitious carbon reduction goal — carbon neutrality in our electric power supply by 2030.
Through the declaration, the Board acknowledged a climate emergency within its jurisdiction
and signaled that:

e The planning process will be open, transparent and will be explored in a public process
with the Board.

e SMUD will collaborate with local cities, counties, agencies, businesses and other
organizations.

e SMUD affirms its commitment to environmental justice principles and leadership through
our Sustainable Communities Initiative.

e SMUD has made a strong commitment to find additional opportunities to accelerate
decarbonization.

e By March 31, 2021, the CEO & General Manager will report on clear, actionable and
measurable strategies and plans to reach SMUD'’s climate emergency goals.

Our accelerated carbon reduction journey builds on previous efforts and our latest resource
plan: the 2040 Clean Energy Plan, which was accepted by the California Energy Commission
(CEC) in 2019. Rapidly advancing clean energy technology and a collaborative and inclusive
approach to carbon reduction has allowed SMUD to set the even more ambitious goal of zero
carbon by 2030, with this 2030 Zero Carbon Plan being our strategy to achieve that goal.

To achieve our 2030 zero carbon goal, we must address our reliability needs, for which new and
emerging technologies such as energy storage, flexible load, carbon capture and storage and
renewable gas technologies will be needed. We’'ll also need to increase investment in new clean
energy supplies, new and emerging technology and pursue new business models and
partnerships.

Global efforts to decarbonize energy supply

This Plan lays out an aggressive, flexible and inclusive clean energy pathway, with a goal of
zero carbon that SMUD cannot and should not achieve alone. By working with other pioneering
utilities, governments, businesses, agencies, community leaders and organizations, academia,
start-ups and others, we will align resources to maximize carbon emission reductions with broad
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and long-lasting impact. Our 2030 Zero Carbon Plan is part of a growing body of work that’s
necessary to combat this climate change emergency. As part of our climate emergency, our
Board set a goal of achieving carbon neutrality by 2030.

Other, smaller utilities, such as City Light (Seattle) and the San Francisco Public Utilities
Commission’s Hetch Hetchy Power System (City and County of San Francisco) have already
achieved carbon neutral operations. Both utilities have resource portfolios built around access to
large swaths of hydroelectric power. At City Light, over 80% of delivered poweris generated
from hydroelectricity and Hetch Hetchy, 100% is from hydroelectricity.>6 Hetch Hetchy does
have a small amount of non-hydro renewable generation, representing about 2% of the system
(11 megawatt (MW) of solar, wind, and biogas). But, for utilities without access to significant
hydro resources, like SMUD, achieving carbon neutrality will not be as straightforward. As
shown in Table 1, SMUD’s carbon reduction goals are among the most ambitious globally. More
details are available in Appendix D: Global energy decarbonization efforts.

Table 1. Global carbon neutrality and net zero goals

SMUD 2030 Carbon neutrality
Sacramento County 2030 Carbon neutrality
Puget Sound Energy 2030 Net zero GHG (carbon neutrality by 2045)
Lincoln Electric (Nebraska) 2040 Net zero GHG
Portland General Electric 2040 Net zero GHG
California 2045 Carbon neutrality
LADWP 2045 100% renewable electricity
Sweden 2045 Net zero GHG
Arizona Public Service Electric 2050 100% carbon free electricity
Madison Gas & Electric 2050 Net zero GHG
Ameren 2050 Net zero GHG
PSE&G 2050 Net zero GHG
Dominion 2050 Net zero GHG
Southern Company 2050 Net zero GHG
Orlando Utility Commission 2050 | Netzero GHG, proposes carbon offsetsfor EVs
Alliant (Wisconsin) 2050 Net zero GHG, allows carbon offsets
Entergy 2050 Net zero GHG, allows carbon offsets
Duke Energy 2050 Net zero GHG, allows carbon offsets
DTE 2050 Net zero GHG, allows carbon offsets
Consumers Energy 2050 Net zero GHG, allows carbon offsets

5 https://www.seattle.gov/city-light/energy-and-

environment#:~text=0ver%2080%25%2001%20th e%20power,Skagit%20and %20Pend%200reille%20Rivers.&text=*

City%20Light%20does%20no0t%20have,in%20its%20p ower%20sup ply%20p ortfolio . Last Accessed: 24 March 2021

6 https://sfwater.org/modules/showd ocument.aspx?documentid=16653. Last Accessed: 24 March 2021
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Engagingwith our under-resourced communities

Climate change is a critical public health issue which disproportionately impacts our under-
resourced communities. The 2030 Agenda for Sustainable Development, adopted by all United
Nations Member States in 2015, provides a shared blueprint for peace and prosperity, now and
into the future. Itincludes 17 sustainable development goals, which are an urgent call for action
by all countries in a global partnership. They recognize that ending poverty and other
deprivations go hand-in-hand with strategies that improve health and education, reduce
inequality and spur economic growth — all while tackling climate change and working to preserve
our oceans and forests.’ Similarly, the United Nations Declaration on the Rights of Indigenous
Peoples recognizes that indigenous knowledge, cultures and traditional practices contributes to
sustainable and equitable development and proper management of the environment. These
global agreements have relevance to SMUD, our operations, our employees and our customers.

Closer to home, our under-resourced communities lack equitable access to many essential
community components that we attribute with a high quality of life, including living wages and
training opportunities, affordable housing, access to transportation and connectivity, health care
access, nutrition, education opportunities, computer and internet access and a healthy
environment. Our neighborsin these communities feel the physical impacts of climate change
more acutely than wealthier communities while bearing little responsibility for the crisis, and
history has shown that these communities often suffer unintended consequences when new
social policies or strategies are introduced.

Involvement of all our communities is foundational to this plan and we recognize that, too often
under-resourced communities are excluded from the process and conversation when goals and
implementation plans are developed. SMUD recognizes the importance of partnering with all the
communities we serve. We commit to reaching impacted communities as we work toward our
goal of zero carbon.

If designed well and with citizens and communities in mind, climate action can avoid green
gentrification and displacement and can help address some of the pre-existing social and
economic inequalities in our region. Additionally, collaborative reexamination of indigenous
practices that support healthy ecosystems can also help us build a more resilient region. The
strategy for one city, one neighborhood, or even a single facility will not be a one-size fits all
solution. We’re committed to engaging all our community members so they may participate in
building a plan that supports their community’s vision for the future and may fully understand
potential impacts of the plan.

"Fora full listofthe UN’s sustainable developmentgoals, see Appendix B.
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SIMUD'’s carbon reduction journey

For several decades, SMUD has been recognized nationally and internationally for our
environmentally conscious and innovative renewable power and energy efficiency programs.
Our commitment to zero emission and low GHG resources dates back decades, and in fact,
began with the development of the UARP hydroelectric project in 1957. We continued clean
energy leadership as we developed one of the first utility-scale solar photovoltaic power plants
in 1984; our first solar-powered electric vehicle (EV) charging station in 1992 and our first
community targeting net-zero energy in midtown Sacramento.8

SMUD strives to provide our customers with a sustainable power supply, which is defined as
one that reduces SMUD’s GHG emissions while assuring reliability of the system, minimizing
environmental impacts on land, habitat, water quality, air quality and maintaining affordable
rates relative to other California utilities. Our Board sets policy direction to for our sustainable
power supply through Strategic Direction — 9 Resource Planning. The full text of SD-9 can be
viewed here.

In the 1990s, we were already buying renewable energy from wind, geothermal and biomass
sources. By 1997, we were offering our firstvoluntary green pricing program, Greenergy®, to our
customers. And in 2001, we established our first renewables portfolio standard (RPS), with a
combined energy supply goal for our RPS and Greenergy program of 12% by 2006 and 23% by
2011.° By 2008, we established a separate RPS goal of procuring 20% of our retail electricity
sales fromrenewables by 2010. SMUD was the first large community-owned utility in California
to achieve a 20% RPS goal, and has continued to grow our portfolio of non-emitting resources
over the past decade, reaching 33% in 2020.

Our commitment to addressing climate change was brought to the forefront in 2003 when, as a
precursor to setting GHG reductiontargets, SMUD became the first utility to certify our
emissions inventory (2002) under the newly formed California Climate Action Registry.1° Soon
after, we were one of the first utilities to support the passage of Assembly Bill 32, California’s
landmark climate change legislation. In 2008, we committed to reducing our emissions by 90%
below our 1990 levels by 2050, exceeding the state target of 80% below 1990 levels by 2050.
And in 2009, we received the first Climate Change Leadership Award from the Association of
Climate Change Officers. We'’ve continued to exceed our goals and expect to be nearly 15%
below our 2020 GHG emissions goal.1?

Historically, energy efficiency programs have significantly contributed to SMUD’s carbon
reduction efforts. Helping our customers use less electricity has effectively offset increasing
demand, managed peak energy use and helped customers save on their utility bills. With growth

8 For more information on our net-zero energy community in Midtown Sacramento, see
https://www.youtube.com/watch?app=desktop&v=fW2YtZ1eDI8. Last Accessed: 24 March 2021.

9 https://www.smud.org/-/media/Documents/Going-Green/PDFs/SMUD-RPS-Guidebook---FINAL-1.ashx. Last
accessed: 14 December 2020.

10 hitp://www.caclimatereqistry.org/wp-content/plugins/carrot/carrot_reports/sacramento-municipal-utility-district-2002-
ca.pdflastaccessed 16 December 2020.

11 Emissions values take some time to finalize. 2020 emissions values won't be finalized until Summer 2021.
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in renewable energy supplies and the imperative to reduce carbon emissions, our approach to
energy efficiency has expanded and now integrates building electrification into our programs to
help customers take advantage of clean, renewable electricity supplies. We've also developed
innovative program offerings, allowing our customers a choice to voluntarily buy additional
renewable energy.

By 2012, we reduced our normalized emissions by 30% below 1990 levels and by 2019, our
normalized emissions were 45% below 1990 levels.'? Accepted by the CEC in 2019, our 2040
Clean Energy Plan outlines a path to net-zero emissions by 2040. Read our 2018 Sustainability
Report for more detailed information about our commitment to clean energy.

Pioneerin solar energy and market transformation

For over 30 years, SMUD has been promoted and encouraged the adoption of solar
technologies, helping commercialize this important carbon-free resource. In the early 1980s we
saw that solar photovoltaic systems (PV) — although very expensive at the time — had great
potential for the future. With this understanding, we set out to overcome roadblocks to
developing solar energy through arobust long-term market transformation strategy.

Figure 2. Leadership in the solar market transformation

30+ Years of Leadership in Solar Market Transformation
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By implementing these strategies, SMUD created a body of knowledge and experience that
supported market development and growth, lowered costs and helped the solar market
transition to the mature, profitable, large-scale global industry we have today.

12 To assess our progress in achieving our GHG reduction targets, we “normalize” our emissions to ensure that
beneficial weather or hydroelectric conditions do notunderstate or overstate our carbon reduction achievements. In
2019, these normalizations increased our reported normalized emissions by nearly 10%.
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Bringing solar to our communities

In the early 1990s, SMUD was one of the first utilities to develop arooftop solar program,
installing hundreds of utility-owned solar systems on the roofs of customers’ homes and
businesses. Installations helped SMUD evaluate the technology and paved the way for a
transition to a customer-owned program in the late 1990s. At this stage, SMUD made large
purchases of modules and inverters, designed as solar system kits, and offeredthem at a
discounted price to customers. We trained installers, which helped establish regional solar
contractors who helped to scale the technology, giving a much-needed boost to the solar
industry.

As part of our Solar Advantage Home program, launched in 2001, and our later SolarSmart
Homes® program, we worked with local home builders to promote installation of solar coupled
with efficient new homes exceeding building code requirements. By doing so, the program
demonstrated how rooftop solar systems can be integrated into new home design and
construction. Over the course of the program, 4,000 new SolarSmart Homes were built.

By 2007, we launched our part of California’s
Million Solar Roofs initiative. Through this
ambitious program, we committed $125 million in
incentives for the installation of solar at homes
and businesses. The program was a success,
reaching its goal of 130 MW, with solar on more
than 15,000 homes and businesses in
Sacramento, helping the market transition to a
mature solar industry.

We’'ve learned a lot from our 40-year experience
with solar. Through the 1980s and 1990s, we
found ways to reduce costs and improve
performance. Our first utility-scale solar
development was our Rancho Seco PV 1 plantin 1984, one of the first utility-scale PV plants in
the world, which established Sacramento as an early leader in solar. By 2009, SMUD signed
feed-in tariffs (FIT) with projects totaling 100 MW, powering on average over 20,000 homes per
year. Earlier this year, we welcomed our newest solar project at Rancho Seco, a 160 MW solar
PV project capable of powering over 36,000 homes per year.

Incorporating wind technology

Wind turbines are now one of the most economical energy generating technologies, and in most
cases, are lower cost than fossil-fuel generators.® We also have access to a great wind
resource region at our doorstep in Solano County. Our Solano Wind Farms produce enough
electricity to power more than 63,000 homes per year.1* We plan to expand these projects by
replacing some older, less efficient turbines with larger and more efficient units. This expansion
will reduce the footprint of our wind projects while increasing net output by over 70 MW, enough

18 hitps://www.lazard .com/media/451419/lazards-levelized -cost-of-energy-version-140.pdf
14 Based on 750 kWh/month average household electricity use.
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to power more than 21,000 homes per year. In 2019, we began purchasing energy under
contract for 200 MW of wind energy from awind-rich region in New Mexico.

Hydroelectric power

We own and operate a hydro project in the Upper American River called the UARP. The UARP
contains multiple powerhouses along the same waterway, which means the same “fuel” is used
over-and-over as water flows downstream from one powerhouse to the next. Operating and
maintaining our hydro facilities requires alicense fromthe Federal Energy Regulatory
Commission (FERC), which issued SMUD a new 50-year license in July 2014. 15

An additional 6% of our power generation is provided by hydro power purchase contracts,
allowing us to meet an average of about 20% of our total power needs with carbon-free hydro
generation. Today, including our hydroelectric resources and other carbon free resources, our
energy mix is on average 50% carbon free.

Investments in other renewables

Although solar, hydro and wind comprise the largest share of our zero GHG emission portfolio,
our procurement of biomass and geothermal power adds diversified value to our portfolio.
These resources generally provide constant generation over time. Some of these resources
may also be able to respond to fluctuationsin load and provide other reliability services.

Biomass resources

Biomass is a local renewable resource and abundant in nature. Biomass resources include
residues fromforestry (like dead and dying trees, vegetation materials from the UARP), urban
wood wastes, food waste, agricultural residues, dairy wastes and other organic wastes. These
biomass resources can be converted to bioenergy viathermochemical and biochemical
processes for power, heating, cooling, fuels, chemicals, renewable natural gas (RNG), biogas,
hydrogen and other value-added products with zero net and negative carbon emissions.

Occurring abundantly in nature, biomass can be a problematic waste if unmanaged and should
be disposed of in a sustainable and environmentally safe manner. ldeally, some biomass can
and should be composted for soil amendments. However, compost demand cannot address the
full amount of the waste problem. Another solution is converting the left-over waste to
renewable biomass energy.

Although bioenergy (biomass-derived energy) generally requires combustion technologies, the
alternative dispositions of biomass are usually more harmful to the environment or public safety
than the impacts of energy production. Bioenergy can also be a critical strategy to reduce potent
climate pollutants, such as short-lived climate pollutants (SLCPs). According to the California Air
Resources Board (CARB), increasing bioenergy — especially biogas production and use —is

I5FERC’s new license order for the UARP can be found here: https://www.smud.org/-/media/Documents/In-Our-
Community/Recreational-Areas/UARP/Hydro-License-Compliance/License-and-Amendments/FERC-Project-No-
2101-Order-Issuing-New-License-07-23-2014.ashx. Last accessed: 11 December 2020.
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critical to reduce SLCPs, which can be tens to thousands of times more damaging to the climate
than carbon dioxide.16

The decomposition of biomass at landfills, wastewater treatment plants and dairies create
methane (essentially natural gas) and other pollutants that can be greatly mitigated through
collection of the gases. Biomass collected through forest thinning and wildfire mitigation projects
are beneficial because they provide revenue for thinning projects and avoid pile burning or
catastrophic wildfires.’

SMUD has a long history of purchasing biomass energy, including from large generators in
Washington state and small local dairies. Currently, we procure energy from Sacramento’s
Kiefer Landfill as well as landfills in Yolo county and biogas from Sacramento’s Regional
Sanitation District.18 We have also supported the development of five digesters at local dairies.

Geothermal

Geothermal energy takes advantage of temperature differences within the earth’s crust, such as
areas hot enough to produce steam from water. This steam can be used in steam turbines —
one of the oldest methods for powering machines. This resource is valuable because
geothermal energy is a constant power source, unlike intermittentwind and solar energy.

There are ideal locations for geothermal development throughout California, including the
Imperial Valley and Sonoma County as well as sources in Nevada that are accessible via our
existing transmission line. We have been buying geothermal energy since the early 1980s and
currently receive 52 MW annually through contracts in California and Nevada. That’s enough to
power more than 38,000 homes per year.*®

Giving our community tools to confront climate change

Undisputedly, Californiais a national leader in addressing climate change, and SMUD’s goals
are even more ambitious than those set forth by the state. Our commitment to improving the
quality of life for our customers and community is evident through our progressive policies and
outcome-driven actions. We've demonstrated successin providing low carbon energy solutions
to our customers and implementing robust, community-focused programs aimed at conserving
energy and accelerating the transition away from a fossil-fuel based economy toward an
economy that supports sustainable resources and sustainable communities.

Community partnerships and programs

We have a robust portfolio of customer programs that reduce GHGs by using or producing
energy more effectively through energy efficiency, electrification, renewables, energy storage
and EVs. Programs like Greenergy, SolarShares®, Shade Trees and a variety of incentives

16 CARB. Short-Lived

Climate Pollutant Reduction Strategy. March 2017. Available Online: https://ww2.arb.ca.qgov/sites/d efault/files/2018-
12/final_slcp_report%20Final%202017.pdf. Lastaccessed: 4 March 2021.

7 https:/iwww.placer.ca.gov/1810/Biomass. Lastaccessed 3 March 2021.

18 hitps://iwww.regionalsan.com/biogas-recycling. Last accessed 23 February 2021.

19 Based on 750 kWh/month average household electricity use.

32


https://ww2.arb.ca.gov/sites/default/files/2018-12/final_slcp_report%20Final%202017.pdf
https://ww2.arb.ca.gov/sites/default/files/2018-12/final_slcp_report%20Final%202017.pdf
https://www.placer.ca.gov/1810/Biomass
https://www.regionalsan.com/biogas-recycling

support sustainable growth within our region by offering customers a choice of energy solutions
that fit their unique needs.

Our workforce outreach programs help our community learn about and prepare for careers at
SMUD. Programs include Career Ambassadors, paid high school and college internships and
college scholarships. With an increased emphasis on zero carbon technologies, it's even more
important that the workforce of the future is prepared for these new careers.

Finally, influencing the private sector to develop clean energy goals involves educating them
about the impacts of climate change and highlighting opportunities to partner with SMUD in
order to reach their goals. Through our Sustainable Communities program, we’re facilitating
collaborations by leveraging our entire partnership portfolio. Collective action is key to our
success as climate change cannot be solved by any one stakeholder acting alone. Cross-sector
collaboration is essential to holistically address systemic challenges, and partnerships are vital
to incentivize businesses to take action to address this climate emergency.

Energy efficiency and electrification

SMUD has been offering programs to help our customers save energy for more than 50 years,
delivering significant carbon reduction and billions of dollars of savings to SMUD and our
customers. In the 1990’s, we launched an initiative to fund and promote energy efficiency
savings equivalent to the amount that could be produced by a 500 MW power plant annually,
and we were recognized nationally for our energy efficiency leadership. In 2006, we adopted a
goal of getting 1.5% of our annual retail sales forecast from energy efficiency programs and
exceeded the resulting annual targets each year from 2009 through 2020. Recent efforts have
helped our customers become more energy efficient. These programs include:

e Express Energy Solutions: Provides incentives to qualified contractors for high-
efficiency equipmentacross avariety of end-uses: lighting; heating, ventilation, and air
conditioning (HVAC); refrigeration and food-service equipment as well as supporting the
conversion from gas to electric equipment.

e Complete Energy Solutions: Comprehensive energy audits of small- and medium-
sized businesses with a customized report recommending energy improvements,
estimated savings, estimated cost and payback. Then an administrator assists the
customer in hiring a contractor to complete the project. The program also supports the
conversion from gas to electric equipment.

e Savings by Design: Provides incentives to avoid natural gas consumption through
electrification, along with incentives for classic energy efficiency measures. The program
incentivizes efficient construction via two participation methods: A performance
approach tailored to the customer's unique building or a simple prescriptive approach.

e Residential new construction of all-electric homes: Provides incentives to builders
and their design teams for residential developments of all-electric homes and
neighborhoods.

e Advanced Home Solutions: Encourages homeowners to improve their home’s
performance through insulation, sealing and conversion to all-electric, efficient
equipment. Implemented as a contractor-driven program, customers are eligible to
received incentives for HVAC, water heating and insulation improvements.

e Appliance efficiency: Our retail partnership program works with big box retailers to pay
retailer incentives for all the energy efficiency items they sell in their stores.
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e Refrigerator/freezer recycling: This program provides free pick-up and environmental
recycling of old refrigerators and freezers.

In 2020, SMUD was the first utility in the country to adopt a carbon-metric for measuring in the
impact of our efficiency programs, allowing us to define our success by the GHGs these
programs reduce and embracing the use of energy during low GHG emission times. Our focus
on electrification means we’ll nearly triple the carbon savings impact of our energy efficiency
programs by 2030, relative to an electricity efficiency-only framework.

Greenergy

Recognizing many of our customers wanted to power their homes with green energy, SMUD
launched Greenergy in 1997. This first-of-its-kind program gave our residential customers the
option of buying renewable energy to serve their home energy needs, up to 100% of their use,
by adding a flat fee to their standard electricity bill. As one of the most successful utility green
pricing programs, 13% of our customers participated in 2020.

SolarShares —anew model to expand access to solar energy

As we worked to develop arobust rooftop solar energy market in Sacramento, we recognized
that some customers could not install solar on their homes, due to cost, home ownership,
orientation of their home, tree shading or other factors. We also recognized that despite its high
price, utility-scale solar was still far less expensive than rooftop solar. That’s why in 2007,
SMUD launched SolarShares. Initially,
our SolarShares programwas served by
al MW PV projectlocated in
Sacramento. Within 6 months, the
program was fully subscribed, resulting in
a waiting list for those customerswho
were interested in future opportunities to
subscribe. In 2016, SMUD expanded
SolarShares to commercial customers
who were looking for new options to meet
their sustainability goals. In 2019, our
original residential SolarShares program
closed to new participants.

Following our SolarShares program, in 2019, SMUD created a new community solar program
that provides new home builders with an alternative option to meet California’s mandate that
new homes include solar. This program, Neighborhood SolarShares®, was approved by the
CEC in 2020 as an alternative to rooftop solar systems in areas with dense trees or limited
rooftop space.

Sacramento Shade Tree program

Beyond electricity, we've invested in carbon sequestration through our 30-year partnership with
the Sacramento Tree Foundation. Not only do trees cool homes naturally and beautify our
neighborhoods, they also produce oxygen and store carbon. Since 1990, the program has
resulted in planting more than 600,000 trees, helping Sacramento maintain one of the leading
urban tree canopies in the world. Our Sacramento Shade Tree program has evolved to address
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climate change and the need for sustainable urban and community forests by expanding both
the number and types of trees offered, including evergreen trees. Additionally, the program
supports environmental equity by planting and stewarding trees in under-resourced
communities.

Electric transportation incentive programs

SMUD has long been committed to the advancement of electric transportation and we currently
offer incentives, expertadvice and assistance to customers to help them transition to electric
transportation. Our residential programs have been expanded to include online EV purchasing
tools for our customers looking to purchase an EV. Customers also continue to receive an EV
rate discount, which incentivizes them to charge their vehicles during off peak hours. Through
the California Clean Fuel rewards program, we support customers in receiving up to $1,500 for
the purchase or lease of a new Battery Electric or Plug-in-Hybrid vehicle.?® Our commercial EV
program offers workplace and multi-family customers incentivesfor EVs and charging
equipment. Additionally, we are partnering with the CEC to offerincentivesfor the purchase and
installation of fast charger infrastructure.

Customer engagement programs

We engage with our customers and community to inform them about our programs, rebates and
incentives and other initiatives such as our 2030 Clean Energy Vision and 2030 Zero Carbon
Plan, while encouraging their involvement and partnership. Our educational and awareness
communications are critical to informing and including our customers in new programs and
initiatives.

SMUD’s Community Education and Technology Center provides energy efficiency and
sustainability education, along with new energy technology evaluation, to areas students and
our residential and commercial customers. Throughworkshops, events, videos and other
channels, SMUD supports our commercial, residential and kindergarten through university
students with the knowledge and ability to better control their energy expenses, be more
sustainable in their energy consumption and get more value out of their energy use.

e Residentialand Commercial education: We offer arange of seminars, webinars and
other courses to educate commercial and residential customers on avariety of topics
including EVs, energy efficiency, lighting, induction cooking, building standards and
more.21.22

e OQutreach and awareness: Annually, SMUD supports hundreds of low-income outreach
and awareness presentations and education events with community partners. These
events provide information about our low-income programs like our Energy Assistance
Program Rate, our Medical Equipment Discount (MED) Rate and energy efficiency and
electrification education.

e Kindergarten through university education: SMUD uses avariety tools to help train
the next generation of energy leaders about sustainability and the environment. On a

2 Formore information onthe Clean Fuel Rewards program, see: https://cleanfuelreward.com/

21 Businesses can find our commercial education videos, interactive online courses and webinars on
SMUD.org/Workshops.

22 Available on SMUD.org/Learn
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yearly basis, the Community Education and Technology Center offers regional science,
technology, engineering and math competitions. 23

Research and development pilots

A robust approach to research and development enables us to deliver innovative products,
programs and services that provide solutions our customers care about. This allows us to test
innovation in a controlled setting or with a modest number of customers, making refinements
along the way as we expand the opportunity for the larger customer base. These efforts ensure
that SMUD takes a measured approach at investigating viable alternatives to today’s technology
and business solutions in alow-risk setting. This is a core component preparing our
organization for deeper decarbonization.

Our climate journey has benefited from the innovative solutions, products and services resulting
from our investments in research and development projects. These projects integrate emerging
technologies and new business models into our customer offerings in away that benefits our
customers and community. SMUD’s research and development vision is rooted in achieving
excellence and leadership in four foundational pillars.

___ Excellencein technology and services: Cultivate emerging technologies, advanced
«_’::Z%} applications and innovative services to achieve operational excellence in delivery of
“= products and services for our customers.

Safe and reliable grid integration: Enable safe and reliable integration, operation and
% visibility of DERs, grid-scale storage and large-scale renewables into the electric grid,
and prepare for the migration to a distributed and transactive grid.
.., Leadershipin sustainability: Further SMUD's environmental and sustainability
@ leadership role in the energy industry by informing SMUD’s strategy to reduce regional
XXX GHG emissions, advance sustainability technology and direct climate readiness
planning.

Strength in economics and markets: Prepare forthe delivery of customer products
,!I and services, enable customer participation in new energy business models and identify
& newapproaches to SMUD's participation in energy markets to maintain financial
strength.

Our research and development strategies focus our activities in areas that show the most
promise for improving the delivery of our core business. This ensures our research strategies
address existing goals defined by SMUD’s Board of Directors as while keeping an eye on the
horizon for energy industry uncertainties and technology advancements that could change the
existing energy delivery paradigm. Maintaining strong research and advancement strategies
that better meet customer needs has given SMUD a position of industry influence in progressive
policy, advanced standards development, emerging business models and market
transformation.

2 More information can be found at SMUD.org/Education.
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SMUD’s commitment to research has demonstrated progress in areas once considered cutting
edge that are now standard operations. We've strategically leveraged research to advance
change in high-impact areas while simultaneously mitigating financial, operational and customer
experience risks. For example, SMUD’s Time-of-Day (TOD) rates were born out of the nation’s
most comprehensive time-of-use experimental research study exploring the impacts of default
and opt-in time-based rates on customer engagement, peak load and customer bills.

SMUD is rethinking the systems and resources that we rely on for everything, from things like
new sources of generation, building construction and how electricity-consuming devices in a
building operate. We’'re looking at emerging technologies, alternative fuel sources and the
evolution of grid operation and resource planning in anew way, creating opportunities for
customers to be a partner in the grid of the future. Through our research and development, we
strive to improve the efficiency of the grid and empower our customers to be active participants
in an innovative, modern electric grid.

Our research and development group is home to seven technology innovation programs. The
programs are highly interdependent and therefore most research efforts touch multiple
programs. See our 2020 Innovation report to take a deeper look at recent projects. 24

24 SMUD’s 2020 Innovation reportcan be found at https://www.smud.org/-/media/Documents/Corporate/Abo ut-
Us/Energy-Research-and-Development/Innovations/Innovation -Brochure.ashx.
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Building resilient customers and communities

Our customers and community are at the heart of all we do and we’re recognized in our industry
and by the customers as a leader in community involvement. As one of the region’s largest and
most influential employers, our goal is to enhance the quality of life for all our customers and
improve vitality in all the communities we serve. Social, economic and environmental inequities
exist in the in our region, impacting customers across our service territory. As a state, California
ranks number one in power outages and rural and under-resourced communities are often at
the margins of electrical grids.2> Through strategic partnerships, focused investments,
community engagement, diverse educational strategies and targeted programs that help our
customers in greatest need, we’ll ensure all our communities and customer households are
partners with us in creating a clean energy future today, and for future generations to come.

Growing together, embracing a low-carbon future

“The nation is still in the early stages of urban environmentalism, a complex subject with
intricate and important histories. The potential for unintended consequencesfor people, for
place, and for policy is great. [...] Citizens living in urban, poor, and people -of-color communities
are currently threatened by gentrification, displacement and equity loss on a scale
unprecedented since the Urban Renewal movement of the 1960s.”26 These communities are
often the hardest hit in economic downturns and continue to be left behindin periods of
economic boom. These same communities often suffer from significant environmental
disparities including poor air quality and negative carbon emission impacts.

With federal policies and programs, municipalities, urban planners and developers are able to
undertake “revitalization” projects. On the surface, these projects are beneficial, beautifying a
sometimes-blighted area and improving the overall environmental conditions. But from the
perspective of residents and small businesses, these efforts can be seen as non-inclusive and
destroying what remains of the original community and neighborhood culture. In the absence of
other policies (e.g., housing-based), rising property values that can accompany these
“revitalization” projects can result in original residents being priced out of the market, displacing
the very community the project was designed to help.2” Often, this displacement is unintentional;
the gentrification and displacement associated with federal reuse, redevelopment and
revitalization programs may not be conscious or intentional, but local implementation of these
programs often has that effect.2®

% League of California Cities. Energy Resiliency and Independence for Rural Cities Webinar. March 2020.

% National Environmental Justice Advisory Council. Unintended Impacts of Redevelopment and Revitalization Efforts
in Five Environmental Justice Communities. August 2006. EPA. Available online:
https://www.epa.gov/sites/production/files/2015-02/documents/redev-revital-recomm-9-27-06.pdf. Lastaccessed: 12
February 2021.

27 Coppinger, Kaitlin, Douglass Lee, Sari Radin, and Catherine Taylor. Economic Development and Highway Right-
Sizing: White Paper. November 2018. FHWA. Available Online: https://rosap.ntl.bts.qov/view/dot/38931.

28 National Environmental Justice Advisory Council. Unintended Impacts of Redevelopment and Revitalization Efforts
in Five Environmental Justice Communities. August 2006. EPA. Available online:
https://www.epa.gov/sites/production/files/2015-02/documents/redev-revital-recomm-9-27-06.pdf. Lastaccessed: 12
February 2021.
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A 2018 Brookings Institute Report — Charting a Course to the Sacramento Region's Future
Economic Prosperity — found that between 2006 and 2016, the Sacramento metropolitan area
ranked in the bottom-third of the 100 largest metro areas in composite rankings measuring
improvements in growth, prosperity and inclusion, three critical elements of regional e conomies
that work for everybody. These long-term trends reflect the downturn during the Great
Recession and suggest it was deeper and more sustained in Sacramento than in other parts of
the nation, particularly in our historically under-resourced areas.

In the five years after the Great Recession, we made some progress as a region; however, 34%
of Sacramento’s residents still live-in households that do not earn enough to cover their basic
expenses. These struggling families are disproportionately made up of people without a high-
school degree as well as 47% and 42% of our region’s Black and Hispanic residents,
respectively.?® Moreover, households in under-resourced communities spend a significant share
of their income on energy bills. Households that earn less than $50,000 annually, on average,
for afamily of four, spend around 16% of their income on energy costs. For families earning
over $100,000, the energy-to-income share drops to 3.5%.3°

SMUD is at the center of both the climate crisis and the search for solutions. We need to act
quickly to protect and provide for all customers, especially those most impacted and least
represented. SMUD is already leading the way. Our Sustainable Communities partnership and
low-income customer strategies collectively meet the unique needs of our customers where they
are by acknowledging the intersectionality between the need for a zero carbon future and the
need for economic equity, with the goal of creating a high-quality of life for all of our customers. .
We work collaboratively with community organizations to deliver concrete practices such as
delivering electric car sharing programs to under-resourced communities and increase portions
of zero or low carbon affordable housing.

Low-income programs, helping our neighbors

Simply stated, the objective of our low-income strategy is to help our customers mostin need by
providing them individualized solutions at the household-level that provide afeeling of control
and a reduction to their energy burden. Our low-income strategy focuses on the distinct
individual needs of our customer households by providing rate assistance and dwelling
assistance programs for those customersin greatest need, as qualified based on income
requirements (up to 200% of the Federal Poverty Level).

Although SMUD has been offering low-income weatherization for many years, our holistic low-
income strategy launched in 2016, targeting households with high energy burdensto provide
education and energy efficiency upgrades. These upgrades provide our customers greatest in
need a feeling of control, reduces their energy burden and creates bill savings. We provided
solar as part of an energy saver bundle in partnership Grid Alternatives where we targeted

2 parilla, Joseph, Sifan Liu, and Marek Gootman. Charting a Course to the Sacramento Region’s Future Economic
Prosperity. April 2018. Brookings Institute. https://www.brookings.edu/wp -
content/uploads/2018/04/sacramentoregioneconomicprosperity fullreport.pdf. Lastaccessed: 3 February 2021.

%0 https://www.politico.com/news/agenda/2021/02/01/yo u-want-environ mental-justice-lo ok-to-energy-efficiency-
463839.
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households as described by Senate Bill 535.31 Additionally, our energy assistance program rate
was changed in 2018 to provide those greatest in need the appropriate discountand dwelling
solutions to address energy burden disparities.

We also offer low-income energy retrofits. These are complete energy retrofits for qualifying
low-income households through four offerings: Weatherization, Energy Saver Deep Retrofit,
Energy Saver House Bundle and Energy Saver Apartment Bundle. Through these programs,
we’ve provided education and energy efficiency improvements to more than 24,000 low-income
households since 2016, resulting in areduction in energy burden and savings on customer bills.
Since 2019 as part of our retrofits, we’'ve replaced over 800 natural gas appliances with efficient
electric appliances, saving on customers’ bills, saving carbon and reducing air pollution from
natural gas combustion. This effort is ongoing and will ensure our vulnerable populations are not
left behind as we work toward our overall carbon reduction goals.

Looking to the future, our approach is three pronged:

1. Increase program offeringsthat align with participants’ lifestyles to address energy
usage and provide them greater feeling of control over their energy usage.

2. Improve sustainability and integrity of the low-income program by helping those most in
need

3. Strengthen the safety net for Sacramento’s under-resourced populations through
strategic partnerships to positively impact customers in amore holistic manner.

Between 2020 and 2022, we have extensive plans to continue and increase our investment our
low-income communities.

e We’re proactively providing carbon reduction measures (via electrification) to ensure
low-income customers aren’t the last ones to adopt electrification.

e We're leveraging community partners like Habitat for Humanity to expand our reach,
working to bring electrification, rooftop solar and the opportunity for EV home charging to
all our customer households.

o We’'re refining our analytic approaches to ensure we’re recruiting those most in need,
and those with the highest energy burdens to prevent anyone from falling through the
cracks.

e We're linking our efforts with local healthcare providers, improving access to carbon
reduction measures that may impact medical-related outcomes and using our MED Rate
to provide discounts to those that have a qualifying medical device.

We’re always looking for creative ways to partner with our communities. One example is our
partnership with Sacramento Housing & Redevelopment Agency to provide energy efficient
refrigerators in their affordable housing complexes. Mutual Housing is another great example
where we provided capital funding for energy efficiency upgrades before the affordable housing
upgrades were completed. When planning for the Mutual Housing partnership, we solicited their

31 SB 535 requires the state to directat least 25% of state cap-and-trade revenues to go to projects that benefit
disadvantaged communities. Itprovides avery specific definition of disadvantaged communities as the top 25%
scoringareas from CalEnviroScreen along with other areas with high amounts of pollution and low populations. For
more information on this definition, see CalEPA’s reporton Designation of Disadvantaged Communities.
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feedback on alist of properties that they wanted to upgrade. We developed load shapes for
each of the buildings and identified those that were most likely to benefit from the upgrades.
Based on this information, we prioritized and selected complexes that could be upgraded and
deliver more of an impact, leveraging SMUD and Mutual Housing funds. This capital allowed
Mutual Housing to identify matching funds and justify some significant upgrades to 168 units’
HVACs and 91 units with energy star refrigerators. After the upgrades were completed at one
multi-family housing unit, the average energy usage fell by 39% during peak hours.

Sustainable communities, strengthening our neighborhoods,
together

The Brookings reportwas the catalyst for SMUD’s Sustainable Communities program, launched
in 2018, and builds on the significant work we’ve done to support under-resources communities
for decades. We’'re bringing attention to our historically under-resourced neighborhoods through
our Sustainable Communities program, which aligns our partnerships, goals and investments
around supporting healthy, vibrant and economically sustainable neighborhoods for all
customers. In 2020, we launched an interactive Sustainable Communities Resource Priorities
Map that identifies out which areas in our region need our help the most. The map helps
analyze current datato indicate the local areas most likely to be underserved or in distress due
to lack of community development, income, housing, employment opportunities, trans portation
and more. This information helps align our region’s investments toward the goal of creating and
supporting healthy, vibrant and economically sustainable neighborhoods.32

By partnering with policy makers, transit
leaders, technology companies, health
care providers and other community-
based organizations, SMUD can

maximize its impact and collaboration with
community members to solve real
problems for real people. We'’re
leveraging our existing efforts, employees’
skills and expertise and partnerships
across the community to maximize our
collective impact to help those most in
need.

To promote workforce and equitable economic and community development, SMUD has
invested in programs targeting economic development, community/environmental health and
neighborhood outreach activities in vulnerable and under-resourced communities throughout the
Sacramento region. To date, SMUD has invested over $5 million into this effort, leveraging
partnerships to increase impact in these areas of need. We have several workforce
development programs and work with a variety of partners to support the development of solar
and renewable energy across the greater Sacramento region.

Our Sustainable Communities program works strategically to establish long-term partnerships
with community-based organizations and businesses, working together on projects helping our

32 Learn more at smud.org/SustainableCommunities.
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under-resourced communities, with the goal of increasing inclusion and closing the disparity gap
in the Sacramento region. These partnerships create trusted relationships and serve as a
foundation forthe community outreach, engagement, collaboration and education needed to
build livable, diverse and resilient communities. We’ve invested more than $5 million in 130 local
organizations to work on projects aligned with our Sustainable Communities program, many of
which are advancing historically under-resourced populations closer toward our zero carbon
future goal.

One such partnership is with Habitat for Humanity, Greater Sacramento, which we support
through Sustainable Communities and our low-income programs. Together, we’ve brought solar
and new energy solutions to hundreds of new and existing homes for low-income families,
which will continue over the next few years. By adding EV plug-ins at most Habitat homes,
SMUD is supporting the electric transportation revolution. Through these partnerships, we can
help all our communities — from rural to suburban to urban —to be part of a zero carbon future.

One of the most promising aspects of azero carbon future is the new jobs and careers that will
be generated by building electrification, advanced storage strategies, energy management and
increased EV usage and infrastructure needs. Healthy communities rely on a strong workforce
where residents have opportunities to thrive economically and our 2030 Zero Carbon Plan will
help create jobs and ensure that all communities are included in this economic development
strategy. SMUD’s Sustainable Communities program has developed an inclusive Regional
Workforce Development strategy that ensures that all communities have access to job training,
internships and pathways to careers needed to power our zero carbon future. We’re working
with partners like the Greater Sacramento Urban League, La Familia and Asian Resource Inc.,
to understand the challenges communities face in pursuing zero carbon care ers and remove
such barriers with programs and organizations like the California Mobility Center training
program, the Energy Careers Pathways Program with Baker Energy and Grid Alternatives and
our online STEM careers curriculum.

Looking to the future, we’ll identify new skills needed and partner with community organizations
to develop upskill or entry level training programs to support new zero carbon technologies.
We’ll develop customized strategies to attract and retain residents from under-resourced
communities to these stable, economically mobile careers.

Embracing zero carbon, together

The 2018 Brookings Institute Report, mentioned above, identified significant gaps in our
community, prompting us to acknowledge that we have a duty to do more to intentionally
address the disparities of the under-resourced communities we serve. By investing in under-
resourced neighborhoods and working with community partners, SMUD is part of a larger
regional mission to deliver energy, health, housing, transportation, education, workforce and
economic development solutions to support sustainable communities.

As we implement our plan, we will be nimble and flexible while working to support customized
solutions for all customers and communities. Our processes will be rooted in genuine
engagement with a broad and diverse set of stakeholders, particularly those suffering from
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inequality and the impacts of climate change. We will adopt policies actively designed with
people, fairness and justice at the center of decision-making. Finally, we will work to ensure
clear mechanisms exist — or can be put in place — for measuring, monitoring and evaluating the
direct impacts of our 2030 Zero Carbon Plan.

We have a history of partnering with our community, but with our 2030 Zero Carbon Plan, it’s
time to build on what we we’re already doing — leading by example and engaging members of
our community—and together we can create and work toward a shared vision for the future. We
don’t want to just “bring others along” with us, rather we want to empower our communities to
work with us and take the lead in developing place-based strategies —to make sure that
Sacramento communities are livable, resilient and ready to embrace a low carbon future. This
can only be achieved by recognizing that our communities are diverse, and we need to develop
strategies that respect and build upon our local, unigue gqualities and listen to the input of our
communities.

43



A history of planning for the future

SMUD’s long history of affordable rates, reliable power and environmental leadership stems
frominnovation and our communities’ desire to be cleaner and greener than the rest of
California. When we plan for the future, SMUD must balance environmental considerations,
customer rates and safety and reliability impacts. Like other utilities, we rely on an integrated
resource planning (IRP) process to develop our long-term strategic environmental objectives to
create resources and programs.

Charting our future

Our low-carbon future is not limited to electricity supply, it also includes decarbonizing homes,
businesses and transportation. This will take a coordinated effort, including our local partners, to
decarbonize the region. To achieve our ambitious goals, we must work on the leading edge as
we conduct research, deploy new technologies and develop innovative programs to consistently
reduce GHGs in Sacramento.

As we look ahead, we must consider the role that solar, wind and other renewables will play in
decarbonizing our power grid. These resources provide opportunities and some risks. We
embrace these opportunities and will develop new strategies to mitigate the risks and achieve
our goals. Some possible strategies include, storing energy, developing renewable fuels and
aggregating customer devices to mimic a power plant.

In preparation for new DERS, we’re working
to develop a Distributed Energy Resource
Management System (DERMS) to enable us
to aggregate distributed resources like solar
and storage to provide grid services and

(') ; d) enhance shared benefits of these resources
> A~ with all customers.

We’'re rolling out several energy storage
programs for residential customers aimed at
maximizing shared value between system
owners and the broader SMUD customer
base. Programs like our Smart Energy
Optimizer program that launched in 2019
offer up-front and ongoing incentives in
exchange for access to a portion of a customer’s battery to provide these grid services. Our
commercial customers will see new shared investment programs like StorageShares that give
participating commercial customers financial benefits similar to onsite storage, but the storage
will be located in areas where our transmission and distribution systems are nearly at maximum
capacity. This could displace investments we might otherwise need to make to increase grid
capacity, and can provide additional value by participating in energy markets whenever
transmission and distribution support is not needed.
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Table 7. Accounting methodology

ggggjgggﬂor Emission Intensity (EI): 0.39t/MWh or linked to the average El of
operating thermals
exports/sales
Energy displaces unspecified Energy displaces unspecified
Undelivered imports (on an energy basis) one- | imports (on an energy basis) one-
Renewable Energy | for-one,in terms of annual for-one, in terms of hourly
(Sold into the accounting. Renewable sales in accounting. Renewable sales in
CAISO) excess of this value provide no excess of this value provide no
additional GHG value. additional GHG value.
El: 0.428t/MWh El: 0.428t/MWh
. Only applied to import in excess of | Only applied to importin excess
Unspecified Imports renewables in the CAISO (under of renewables in the CAISO
annual accounting) (under hourly accounting)

El of the known resource. If unavailable, assume all are gas resources
emitting 0.428 t/MWh. Renewable procurement should not be able to
displace specified contracts.

Specified purchases
and imports

System modeling

The industry standard practice for planning studies is to develop and analyze several options
that are capable of offering reliable electric service, subject to our policy, environmental,
physical and economic limits. We conduct these studies using a series of computer simulations
that model building new resources, operate the system over several years and test the system’s
ability to meet our needs in the most difficult circumstances. Although these models are
powerful tools, they're time-consuming data-intensive processes. To assist our efforts, we hired
E3 to support the modeling for this Plan.

This Plan relies upon two resource planning models developed by E3 and tailored towards
analysis of electric systems at high penetrations of renewable generation to develop and
analyze a range of scenarios to explore potential options for carbon reductions in the SMUD
system portfolio:

e E3’s Renewable Energy Capacity (RECAP) model: A loss-of-load-probability model
that provides a detailed and statistically robust perspective on electric systems that rely
on a combination of conventional, renewable, storage and demand-side resources.

e E3’s Renewable Energy Solutions (RESOLVE) model: A capacity expansion model
that uses optimization techniques to identify a least-cost portfolio of resource
investments to meet future reliability and clean energy objectives.

These two tools complement one another in their application, together providing a strong
foundation to analyze and understand implications of long-term transitions towards low carbon
and carbon free portfolios. These models are used together: first, the Plan uses RECAP to
characterize potential contributions of different technologies toward system resource adequacy
needs; this, in turn, serves as an input to RESOLVE, to ensure that the least-cost portfolio
outcome meets reliability goals.
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The following sections will address key questions and considerations for achieving zero carbon
by 2030. Our goal in this report is to provide data and information to answer the following
questions:

e What role can our thermal assets play in this Plan?

e How close can we come to meeting our goals using currently available proven clean
technologies?

e What new and emerging technologies show promise for filling the remaining gap to zero
carbon?

e What are possible scenarios for achieving these goals? How will these scenario results
later inform our strategy discussion as elements of our plan become more concrete?
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The 2030 Zexro Carbon Plan

Achieving our goals requires eliminating fossil fuel GHG emissions, either by displacing natural
gas use from our power plants or capturing our emissions before they reach the atmosphere.
Informed by expert consultations, system modeling and supplemental studies, we've developed
four strategies to guide our initial decisions on our journey toward eliminating carbon emissions
from our power supply. Each group is comprised of options and decision points. Although there
is not a single path to achieve our objective, this Plan has helped identify strategies that will help
us along the way. We’ll continually revisit our strategies and planned path along the way and
course correct as needed. In the end, we’ll have traveled our unique pathway to reach the end
of our 2030 zero carbon journey.

SMUD’s 2030 Zero Carbon Plan is a flexible pathway to eliminating carbon emissions from
our power supply by 2030.

Developing our flexible pathway to zero carbon

Each strategy addresses distinct challenges. The decisions we make will take us one step
closer to our goal but may also require that we reassess our next decision. Our flexible pathway
to zero carbon is based on what we know today, and our pathway will evolve as new
technologies are developed and we learn from our experiences. Some strategies, like proven
clean technologies, are more straightforward, and we have a clear understanding of the risks
and the costs. Other strategies are not as well understood and are more complex. As
technology and business models evolve, we may reevaluate previous decisions and reconsider
our decarbonization plan to align with new information. These strategies are interdependent, but
each element of our plan will require a unique strategy complete with different resources,
milestones and risks. In our flexible pathway, we’ll need all three strategies to contribute, and
understanding how each will ultimately contribute by 2030 will be refined over time.

Figure 5. lllustrative flexible plan

Natural gas generation repurposing

O Proven clean technology

@ New technology & business models

Today
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The capabilities of such a configuration remains to be tested and refined to optimize overall
performance and customer experience. We expect that aggregated DERs will have potential
and capability to mimic the operations of up to 490 peak MW of the equivalent thermal power
plant. The actual resource potential is uncertain until we develop the infrastructure, increase
customer adoption of smart technologies and transition local vehicle sales to EVs.
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Action plan and risk mitigation strategy

Based on extensive studies, we concluded there is afeasible pathway to achieve zero carbon
by 2030, however, there are anumber of unknowns and risks that we must be prepared to
mitigate. We addressed many of these in the preceding sections, such as development risk,
technology uncertainty and cost controls. Other challenges are likely to arise during
implementation. Our flexible pathway allows for may mitigation efforts and complementary
actions that we can undertake to achieve our goal on time.

Our plan of measurable actions is divided into near-term and mid-term. Long-term actions will
be developed as we complete the near-term actions and update the plan in our mid-term review.

Below are our short- and medium-term action plans, subject to change based on new
information, economics and technology readiness. These are the areas we’ll focus on through
March 2024, with ongoing updates to this Plan based on progress and factors that have
changed since this Plan was created.

2030 Zero Carbon Action Plan

Implement plan for the Natural Gas Generator Repurposing Strategy, including
e Feasibility study of the reliability, economics and environmental impacts, focusing on
solutions for McClellan and Campbell.
e Community outreach, communication and engagement inclusive of all segments.
e Study of new complementary utility-scale technologies, fuels and options.

Implement plan for the Proven Clean Technology Strategy, including:

e Schedule and options for developing and deploying new resources.

e Conduct locational analysis, system impact study and economic valuation and solicit
counterparty offers.

e Study strategic new technology options complementing the Natural Gas Generator
Repurposing Strategy.

e Explore delivery options for out-of-arearenewables.

e Develop and issue competitive solicitation for new proven clean technology projects.

Implement plan for New Technology and Business Models Strategy, including:

e Performinformation technology system upgrades to enable DERs and VPPs.

¢ Include DERs in operations, distribution and grid planning processes.

e Launch new customer-partner pilot programs for VPP Involving thermostats, EVs,
rooftop solar and batteries.

e Launch pilots for behavioral demand response “Flex Alert”, EV managed charging and
V2G demonstrations.

e Quantify co-benefits in healthcare, mass transit, construction, internet service
providers, etc.
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Evaluate the 2030 Zero Carbon Plan for NERC Reliability Standards, system adequacy
requirements, operational reliability requirements, and new reliability services contributions.
e Transmission system studies are completed, and a mitigation strategy is proposed for
any identified violations.
e Operational recommendations for mitigating intra-hour variability.
e Data on expected grid reliability contribution based on New Technology and Business
Strategy modeling.

Perform reliability assessments
e Evaluate operational reliability requirements to manage the variability of solar and wind
generation.
e Evaluate grid reliability services contribution from VPPs, DERs, demand response and
load flexibility.
e Performdetailed studies of sub-transmission system impacts from the re-tooling of the
Carson Ice generation plant.

Setinternal goals for operational efficiencies needed to manage risks to rate impacts.

Organize grant capture team to proactively seek opportunities for funding partnerships and
research with manufacturers, vendors, government agencies, utilities and research institutions.

Engage government, agencies and policy makers

Brief policymakers on the 2030 Zero Carbon Plan.

Advocate for and support electrification policies

Support cities’ and county General Plans and Climate Action Plans

Connect with federal agencies and policy makers on climate action and our 2030 Zero
Carbon Plan

Identify new workforce skills needed to support zero carbon technologies. Determine if these
are net new jobs or upskilling of existing workforce. Careers can span zero emission vehicles,
building electrification, etc.

Develop and implement a comprehensive regional communications, marketing, outreach and
educational effort.

Update and implement Natural Gas Generator Repurposing Strategy, including
e Finalize solution for McClellan and Campbell replacement.
e Conduct comprehensive reliability analysis and retooling (or retirement) plan for each
thermal generator location and update retooling plan annually as necessary.
e Update our research and development plan for new large-scale technologies. Seek
expertise and opportunities to partner, research and fund projects.

Update and implement the Proven Clean Technology Strategy, including:
¢ |dentify and develop the next set of renewable resources and storage needs locally and
regionally with plausible delivery options.
Identify and solicit additional clean tech resources.
e Update feasibility study of the reliability, economics and environmental impacts,
focusing on solutionsfor retooling Carson and Proctor & Gamble.
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Update and implement plan for New Technology and Business Models Strategy, including:
e Accomplish planned system upgrade.
e Accomplish future rates development
e Continue to refine new programs and pilots and nurture partnership & grant
opportunities. Collaborate with utility peers to support common interfaces to technology
and program innovation.

Continue to study and monitor the impact of the plan on both distribution and transmission
system. Perform transmission reliability studies to comply with the NERC reliability standards,
load serving capability and import capability studies.

Continue to evaluate VER impact on operational practices and system conditions.

Set 2022 budget and 2022/23 rate increases with initial plan limits. Determine optimal
borrowing strategy to meet plan and make necessary adjustments as part of the biennial Rate
Case process.

Focus project outreach on residents within the recommended radius of each thermal plant
based on key findings from scope study and partner feedback Identify community partners to
develop training programs (upskill or entry-level) to supportnew zero carbon technologies.
Develop strategies to attract (marketing, career pathways etc.) under-resourced communities
to these stable, economically mobile careers.

State-level Actions:
e Maximize CARB Cap-and-Trade allowances.
Protect LCFS revenue.
e Support agency implementation of Governor’s Executive Orderon EV-only sales.
e Protect against legislation that creates barriers to implementing our 2030 Zero Carbon
Plan, such as costly mandates and funding of non-zero carbon transportation fuels.

e Advocate for legislation that aligns with zero carbon priorities, including transportation,
building electrification and zero emission technology funding and research.

Regional and local activities:
e RMI SMAQMD NOx standards campaign.
City of Sacramento Electrification Ordinance adoption and support.
City of Sacramento Climate Action Workplan.
Building electrification and EV permit data and streamlining.
City of Sacramento EV Blueprint Phase Il Implementation.

Risks and mitigation strategy

As was the case with our 2040 Clean Energy Plan adopted by the Board in 2018, any long -term
market outlook carries significant uncertainty and there are many factors that could cause us to
re-evaluate and adjust our plans by 2030. For example, adownturn in the economy may slow
load growth as well as customers’ willingness to invest in new technologies or programs
intended to help meet our goals. Similarly, if costs for battery storage, solar PV or other
emerging technologies decline faster than currently expected, there may be cause for SMUD to
accelerate investments in these technologies or add them to the solutions to meet the 2030
goals.

123



Key risks

We have identified the following risks and developed a high-level risk mitigation strategy to that
will allow for us to adapt as challenges occur.

Technology

Even proven clean technologies may experience negative impacts to performance due to
factors such as the impacts from climate change on weather or other long-term changes beyond
2030 in load or customer behavior. Given this, knowing which technology will prevail in cost and
performance is impossible.

Many utilities are wary of defining an inflexible strategy too soon and limiting their options. They
don’t want to presume the best technology before absolutely necessary. SMUD’s carbon
reduction goal is the most ambitious goal of any large utility in the U.S., so these considerations
are of even greater importance for us. Some utilities are choosing to defer decision-making,
while others approach their goals through investmentsin research and development but given
each utility’s small size relative to the market, it’s difficult to have a meaningful impact. However,
paralyzing indecision is also untenable and costly.

Our strategy for overcoming these hurdles is to embrace flexible planning that regularly
assesses risks and opportunities, new technology advancements and applications of new
business models that advance SMUD toward zero carbon.

Climate change

In recent years climate scientists have emphasized the interrelated nature of cascading and
compound events, such as years of drought followed by extreme precipitation leading to
excessive vegetation, wildfire and then mud slides resulting from new storms. As climate
changes progress, California’s already variable climate is expected to experience even greater
extremes in the years to come. SMUD’s infrastructure, our outdoor employees and our
customers are vulnerable to these conditions, which will likely demand system hardening and
other changes to adapt to shifts in electrical demand and working conditions.

As SMUD prepares to make significant additional investments in our zero carbon pathway, we
must also consider how a host of new technologies and approaches to supplying electricity
could be enhanced or constrained by the projected changes in the climate, b oth within our
region and throughout the western United States. As such, each proposed investment in new
technology or service delivery included in the 2030 Zero Carbon Plan must undergo customized
evaluation or stress testing with consideration of the climate projections that could impact the
end user and the operational conditions, performance and the life of the asset or measure.

Additional, solution-specific and location-specific climate research will be conducted as the plan
is further developed. This research must encompass not only conditions anticipated in
Sacramento County but in all the regions where we may source electricity, critical equipment
and supplies. And we can act on new findings related to regional urban heat island®2 and

62 https://climatereadiness.info/uhi-project/.
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actually reduce ambient temperatures by investing in cool roofs, cool pavements and walls and
urban greening in targeted areas.

Facilitating the awareness and incorporation of projected climate changes into SMUD’s
research, planning, design, operations and emergency response efforts is essential to prolong
the life of our non-emitting resources, avoid additional stranded investments, increase the
likelihood of new technology performance to expectations and to minimize unnecessary cost to
our customers. It'll demand broader engagement throughout SMUD’s management and the
organization than has been the case in the past, to better connect operational knowledge with
information about likely future conditions that will continue to shift over time. Implementation of
the California Public Utility Commission’s recent decisions®? related to climate adaptation, which
specify cross-functional and executive involvement in addition to specific data and planning
criteria, will be an important step in this direction. This is also an area of great potential for
collaboration throughout the region to build or evolve social and physical infrastructure that can
address immediate needs and help us prepare for the future.

Regulatory

California’s environmental regulations are continually evolving as the state pursues its low
carbon goals, which in turn could have a significant impact on our costs of generating and
distributing power. For example, RPS goals through 2030 have been revised higher to 60% by
SB 100 just after passage of an increase in RPS from 33% to 50% by 2030, set under SB350 in
2015. Currently, numerous laws have been introduced to further require decarbonization of
electricity. While we support these laws in general, we’ll need to watch closely as new
limitations are imposed and our options are restricted.

For us to reach our 2030 goal, we will continue to target programs and infrastructure supporting
electric transportation and buildings. We must also be working on the leading edge of research,
experimenting and deploying new technologies and customer programs. Although we anticipate
regulatory changes to support electrification, this will take time to implement.

Development and land-use concerns

Our 2030 Zero Carbon Plan relies heavily on proven clean technologies to decarbonize our
energy system. Currently, the most economical resources are wind and solar. These systems
have large geographic footprintsthat require thoughtful development strategies, including
alternative technologies, like rooftop solar and bioenergy. However, the local potential for other
technologies is highly limited in the Sacramento region.

Economics

Solar and wind costs have steadily decreased in recent years to historic lows. These resource
costs are susceptible to land value, incentive expiration (investmenttax credit/production tax
credit), political climate, environmental regulations and the cost of material to create them.
Resources such as battery storage used to balance renewables are projected to decrease
significantly over the next 10 years, which would allow for lower cost deployment of these
valuable balancing resources when needed.

63 https://www.cpuc.ca.qov/climatechangeadaptation/.
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Economic downturns, pandemics or factors that slow growth in regional jobs and population
could change relative costs of goods and services that could warrant adjustments of our plan.
Additionally, higher than forecasted market prices could create upward pressure on costs and
rate projections and dampen the adoption of transportation and building electrification.

Infrastructure planning

We completed preliminary studies assessing the impact that removing all of our thermal
generation during summer peak would have on the load serving capability and import capability
for our transmission grid. The study results indicate that without SMUD’s internal thermal
generation, our capability to serve load would be reduced by approximately 1,000 MW
(equivalent to 200,000 homes in the middle of summer). In addition, our capability to import
power would also be reduced by approximately 200 MW (or 10,000 homes). The studies also
indicate that 1,000 MW of renewable generation would need to be added to SMUD'’s
transmission system at specific locations to return our load serving capability and import
capability to the current levels.

When the 2030 Zero Carbon Plan is refined, additional studies will be performed to ensure the
adequacy and reliability of SMUD’s transmission and distribution systems.

Reliability

As our portfolioincludes more solar resources, we’ll need to account for the intra-hour variability
and carry additional flexible resources. Solar resource output can widely swing due to local
cloud cover and smoke, reducing output by over 60% in minutes. We must continue assessing
this and developing our operating reserves structure to evaluate any needed changes.

Risk mitigation

This plan defines four flexible strategies to achieve our 2030 Zero Carbon Plan. We have
chosen flexible approaches because a significant amount of work and additional analysis is
needed to ensure we continue to provide safe, reliable and affordable power to our customers
while advancing toward our ultimate goal of zero carbon.

There are methods for developing dynamic road maps to ensure achievement of the optimal
strategy in the long run given changing circumstances. One such planning regime that avoids
indecision is an adaptive road map utilizing a least-regrets decision analysis framework. These
strategies allow us to use the information we know today to make the best possible decision,
while considering all known unknowns, allowing for course correction and maintaining cost and
reliability constraints.

To further address uncertainty and risks associated with changing regulatory framework, we
have proposed arobust government affairs strategy. As part of this, we will work with regulators
and policy makers to encourage flexible policies to support carbon reductions.

Flexible and adaptive strategies

Adaptive planning uses decision-tree analyses where each branch represents one possible
version of the future and each decision node denotes where there are forks along the tree. This
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method can provide insight into the sequencing of actions over time, potential lock-ins and path
dependencies.

An adaptive plan can be thought of as a series of possible actions optimized to achieve some
objective under the given scenario conditions, where there are several scenario conditions (e.g.
future technology cost uncertainty) and therefore several pathways. Each possible strategy
along the plan can be linked, to a certain extent, to capture strategy interdependencies and
allow for changing contributions by each strategy as needed. Initially, any strategic path can be
chosen, but as one moves down a selected path, moving to another path, or adapting to
changing conditions outside of the particular scenario conditions optimized for, becomes more
difficult.

This challenge is known as lock-in or path dependency. Typically, the more actions taken along
a particular strategy, the more difficult it will become to adapt to future changes. Central to
adaptive plans are tipping points, which are the conditions under which a pathway no longer
meets the clearly specified objectives which trigger an evaluation and path transition. The key
point of tipping points is to avoid costly ramifications from lock-in on a non-optimal path.

Least-regrets decision analysis is a method which could be used in tandem with an adaptive
road map to determine decisions at each node or fork that minimize regret-costs. This method
analyzes each decision along an optimal path (e.g., plant retirement or resource investments in
our 2030 Zero Carbon Plan) under a set of different future trajectories to test the robustness of
each decision to changing conditions. The analysis is used immediately prior to a decision being
made, or in the case of a new initiative, on the first set of initial decisions required.

The first step is to determine no-regrets decisions, which are decisions made in every possible
version of the future analyzed (e.qg., solar investments are made in every scenario for SMUD’s
carbon neutrality analysis). These are decisions which can be made immediately if need be and
represent little to no risk. The next step is to determine the set of initial decisions beyond the no
regrets decisions and choose the option with the least-regrets costs. To calculate regrets costs,
each decision, in turn, is “made” in the model and the model is run to determine possible cost
impacts of this decision given uncertain futures. The decision that minimizes cost across various
versions of the future is the least-regrets decision.

Board reporting schedule and check-ins

To ensure our Plan is taking advantage of technology advancements and addressing changes
in market conditions, we’ll conduct biannual IRP updates, which will incorporate changes
needed to meet our 2030 zero carbon goal. In addition to biannual IRP updates, the Board will
be updated on progress through our annual Strategic Direction reporting.
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Glossary

Ancillary services: Services that are necessary to support the transmission of capacity and
energy from resources to loads while maintaining reliable operation of the transmission system
in accordance with good utility practice. The Ancillary Services include system balancing and
control, frequency response, regulating reserve, contingency reserve, energy imbalance and
voltage control.

Balancing Authority Area: The generation, transmission and loads within the boundaries of a
balancing authority. The balancing authority is responsible for maintaining load -resource
balance within this area.

Black-start capability: Capability of a generator to start up without support from external power
sources, which is needed in the event of a system blackout to energize other equipment and
restore the system.

California-Oregon Border: Trading hub for the transfer of power from the Pacific Northwest
and California.

California-Oregon Transmission Project: Transmission project connecting the Balancing
Area of Northern California with the California-Oregon border trading hub.

Capacity: the maximum output an electrical generator can produce (i.e., MW)

Carbon accounting: the processes used to quantify the amount of carbon dioxide an entity
(such as an organization or a country) emits.

Carbon sink: areservoir able to accumulate and store carbon dioxide for an indefinite period of
time; it absorbs more carbon than it releases

Days cash: Ameasure of how much cash we have on hand to pay for ongoing expenses.

Distributed energy resources: energy solutions where customers implement technology that
change how they use energy. They can include, among many others, rooftop solar, energy
efficiency improvements, demand response and batteries.

Energy: the amount of electricity a generator produces over a specific period of time (i.e., one
hour — MWh).

Fixed charge coverage ratio: A measure of how much cash comes in each year, compared to
the principal and interest payments on debt.

Freguencyresponsereserve: The amount of the reserve that is online and can automatically
respond to system frequency change.



Inertia: Physical resistance to frequency changes in the first few seconds following a system
disturbance before generator frequency response kicks in. This resistance to change (typically
from large rotating generators) gives automated control devices needed time to respond.

Market price: The price at which supply equals demand for the day-ahead or hour-ahead
markets. Market-based pricing is set in open market systems of supply and demand under
which prices are set solely by agreement as to what buyers will pay and sellers will accept.
Such prices could recover less or more than full costs, depending upon what the buyers and
sellers see as their relevant opportunities and risks.

Net income: SMUD's revenues less expenses.

Operating reserves: Thetotal capacity above the load demand required to provide regulation
and to cover the load forecasting errors, planned and unplanned equipment outages and
system emergencies. It includes regulating reserve, contingency reserve, frequency response
reserve and other reserves that a utility decides to preserve for unexpected situations.

Planning reserve margin (PRM): Additional reserve margin for long-term planning equal to
15% of SMUD’s load.

Reliability adequacy: we have adequate grid reliability services to keep the electricity flowing.
These services are sometimes referredto as ancillary services and include additional
generation capacity and generator capabilities that we need to respond to sudden changes in
system conditions and system disturbances, frequency response, generation and load
balancing and voltage control.

Reliability: the ability of the power system to provide the services our customers expect when
they want and need them, even under difficult circumstances.

Renewables Portfolio Standard (RPS): aregulatory mandate designed to increase production
of energy from renewable energy sources. In California, it sets renewable energy procurement
requirements for load-serving entities.

Resource adequacy: acondition in which we have acquired adequate resources to satisfy our
forecasted energy needs reliably.

Short-lived climate pollutants: potent climate pollutants that have relatively short atmospheric
lifetimes (relative to carbon dioxide). These pollutants include methane, hydrofluorocarbons,
and anthropogenic black carbon.

Sustainable community: acommunity with a healthy environment, a prosperous economy,
and equitable access to the multiple essential community components necessary to ensure a
high quality of life including livable wage employment and training opportunities, affordable
housing options, transportation and connectivity, health care access, nutrition, education
opportunities, and digital access.

System adequacy: we’re capable of serving our load under extreme weather conditions and
identify our system’s energy import limits.



System peak: Maximum annual energy demand within SMUD'’s service territory.

Under-resourced community: these communities lack equitable access to the multiple
essential community components necessary to ensure a high quality of life, including but not
limited to livable wage employment and training opportunities, affordable housing options,
transportation and connectivity, health care access, nutrition, education opportunities, digital
access and a healthy environment.

Variable energy resource (VER): ageneration resource where the output is not perfectly
controllable by a transmission operator and is dependent upon afuel resource that cannot be
stored/stockpiled, and availability is uncertain. Examples include solar and wind.

Acronyms

ARRA — American Reinvestment and Recovery Act
BANC — Balancing Authority of Northern California
BYOD - bring your own device

CAISO - California Independent System Operator
CARB - California Air Resources Board

CEC - California Energy Commission

CO — carbon monoxide

CPUC - California Public Utilities Commission
CVFA - Central Valley Financing Authority
DERMS - Distributed Energy Resource Management System
DERs - distributed energy resources

DOE - Department of Energy

dth — dekatherms

E3 — Energy + Environmental Economics

El — emission intensity

EPA — U.S. Environmental Protection Agency

EV — electric vehicles

EVSE - electric vehicle supply equipment

FEMA — Federal Emergency Management Agency
FERC — Federal Energy Regulatory Commission
FIT —feed-in-tariffs

GHG - greenhouse gas emissions

GWh — gigawatt hours

HVAC - heating, ventilation, and air conditioning
ILT — Innovation Leadership Team

IRP — Integrated Resource Plan

kV — kilovolt

KW — kilowatt

LCFS — Low Carbon Fuel Standard

LDES - long-duration energy storage

MED — Medical Equipment Discount Rate

MW — megawatt

MWh — megawatt hours

NEM — net energy metering



NERC - North American Electric Reliability Corporation
NOx — Nitrogen Oxide

O&M — operations and maintenance

PM10 — particulate matter smaller than 10 micrometers in diameter
PRM — Planning Reserve Margin

PV — photovoltaic systems

RECAP - E3’s Renewable Energy Capacity model
RESOLVE - E3’s Renewable Energy Solutions model
RFI —request for information

RMI — Rocky Mountain Institute

RNG - renewable natural gas

RPS — renewables portfolio standard

RS2 — Rancho Seco 2 solar project

SEPA — Smart Electric Power Alliance

SLCPs — short-lived climate pollutants

SMAQMD - Sacramento Metropolitan Air Quality Management District
SMUD - Sacramento Municipal Utility District

SOx — sulfur dioxide

SPA - Sacramento Power Authority

TBD — to be decided

TOD - time-of-day

UARP — Upper American River Project

V2G - vehicle-to-grid

VER - variable energy resource

VOC - volatile organic compounds

VPP — virtual power plant

WAPA — Western Area Power Administrator



Appendix A: Existing SMUD resources

Table 13. Description of SMUD resource capacity as expected available in July 202164

Campbell Combined Cycle Natural Gas 178 170
Carson Combined Cycle, Cogen Biogas & Natural Gas 111 103
Cosumnes Combined Cycle Biogas & Natural Gas 621 576
McClellan Gas Turbine Natural Gas 72 72

Proctor & Gamble Combined Cycle, Cogen Natural Gas 193 166
UARP Hydroelectric Water 688 675
Southfork PH Hydroelectric Water 2.7 1

Chili Bar Hydroelectric Water 8 8

Camp Far West Hydroelectric Water 9 3

WAPA Hydro Hydroelectric Water 331 328
New Hope Dairy digester Biomass 0.45 0.4
Kiefer Landfill Landfill gas Biomass 14 12

Santa Cruz Landfill Landfill gas Biomass 1.6 1.3
Simpson Biomass Biogas/Biomass Biomass 55 42

Van Steyn Dairy Dairy digester Biomass 0.2 0.1
Van Warmerdam Dairy |Dairy digester Biomass 0.6 0.5
Yolo Landfill gas Biomass 2.7 2.4
Cal Energy Geothermal Geothermal 30 25.5
Patua Geothermal/PV Geothermal/Sun 22 11.8
Feed-In Tariff Projects Solar PV Sun 98 57

Rancho Seco PV Solar PV Sun 11 5.4
Rancho Secolll Solar PV Sun 160 72.4
Recurrent PV Solar PV Sun 60 34

Wildflower Solar PV Sun 13 4.7
Grady Wind Wind 200 31.5
High Winds Wind Wind 50 14.4
Solano Wind Wind 230 52.7

64 Nameplate rating is the maximum simultaneous rated capacity output of the project. Summer capacity is the rated
availability during the summer for thermal and hydro resources and the statistical probable output ofwind and solar.
Summer capacity values are representative of our resource adequacy plans for July 2021.



Appendix B: UN Sustainable Development Goals®

The United Nations has identified 17 sustainable development goals to transform our world on
three levels: Global leaders should pursue strong leadership, more resources and smarter
solutions. At the local level, they should lay the foundation for needed transitions in policies,
budgets, institutions and regulatory frameworks. As for people, everyone needs to take action to
generate momentum and push for necessary transformations.

The 17 sustainable development goals are:

GOAL 1: No Poverty: Economic growth must be inclusive to provide sustainable jobs and
promote equality.

GOAL 2: Zero Hunger: The food and agriculture sector offer key solutions for development and
is central for hunger and poverty eradication.

GOAL 3: Good Health and Well-being: Ensuring healthy lives and promoting the well-being for
all at all ages is essential to sustainable development.

GOAL 4: Quality Education: Obtaining a quality education is the foundation to improving
people’s lives and sustainable development.

GOAL 5: Gender Equality: Gender equality is not only a fundamental human right, but a
necessary foundation for a peaceful, prosperous and sustainable world

GOAL 6: Clean Water and Sanitation: Clean, accessible water for all is an essential part of the
world we want to live in.

GOAL 7: Affordable and Clean Energy: Energy is central to nearly every major challenge and
opportunity.

GOAL 8: Decent Work and Economic Growth: Sustainable economic growth will require
societies to create the conditions that allow people to have quality jobs.

GOAL 9: Industry, Innovation and Infrastructure: Investments in infrastructure are crucial to
achieving sustainable development.

GOAL 10: Reduced Inequality: To reduce inequalities, policies should be universal in principle,
paying attention to the needs of disadvantaged and marginalized populations.

GOAL 11: Sustainable Cities and Communities: There needs to be afuture in which cities
provide opportunities for all, with access to basic services, energy, housing, transportation and
more.

GOAL 12: Responsible Consumption and Production: Responsible Production and
Consumption

GOAL 13: Climate Action: Climate change is a global challenge that affects everyone,
everywhere.

GOAL 14: Life Below Water: Careful management of this essential global resource is akey
feature of asustainable future.

GOAL 15: Life on Land: Sustainably manage forests, combat desertification, halt and reverse
land degradation, halt biodiversity loss.

GOAL 16: Peace, Justice, and Strong Institutions: Access to justice for all, and building
effective, accountable institutions at all levels.

GOAL 17: Partnerships to achieve the Goal: Revitalize the global partnership for sustainable
development.

85 Adopted from hitps://sdgs.un.org/goals
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Appendix C: Innovation

As part of the process to develop our 2030 Zero Carbon Plan, SMUD asked the public,
stakeholders and its staff to submit innovative ideas to help achieve our goal of zero carbon by
2030. The table below includes alist of all the ideas that were submitted and accepted after
evaluation by our ILT. This listincludes ideas that are incorporated into this Plan plus others that
will be explored after adoption of the Plan because additional analysis and studies are needed
or insufficient time to properly assess the idea before the Plan is released in March 2021.

Table 14. Ideas submitted to and considered bythe ILT

Utility-scale
photovoltaic
generation
maximization

Maximize in-service territory utility-scale photovoltaic generation (GWh)
with high density reliable solar energy coupled with battery energy
storage system.

Creating small and
medium business

Many SMB customers are not willing to make the initial investmentin
energy efficiency and/or zero carbon technologiesthat have perceived
long payback periods. By performing journey mapping and looking at

SvoBc)afSSro carbon the end-to-end value chain, we can identify opportunities that can turn
SMB customers into zero carbon advocates.
Strategically placed battery storage systems on our grid can help us
achieve carbon reduction goals gradually ahead of 2030. This
"Strategically technology is already being used by the market as evidenced by the

located and right
sized" battery
storage

amount of solar + storage and stand-alone storage that are being
developed in the CAISO interconnection queue. Many of the
technologies that will help us reach absolute zero do not exist yet or are
too expensive and unproven at this point. This approach allows us to
realize some of these benefits without overcommitting and putting our
customers at risk of rate increases.

Hydrogen fuel cells
for long-term
storage®6 67

Create hydrogen gas through electrolysis and store in tanks when
energy is cheap or when there is excess from PV. Use the hydrogen
with a fuel cell to dispatch that energy when needed. This has a very
long-term storage potential since the hydrogen can be stored
indefinitely without degradation.

66 Optimizing Renewable Energy Storage With Hydrogen Fuel Cells, BALLARD (Dec. 17, 2020),
https://blog.ballard.com/renewable-enerqy-

storage?utm_campaign=Automatic%20Blog%20Email&utm medium=email& hsmi=103925816& hsenc=p2ANgtz-

90arcEKYFICyYBTuDylhldVtOni MYcOI6i O T5qLOLGZZrc2ZHDPvaVODLIOAEONSAsqaK4 Glgmre654BgcCuKib

XA&utm _content=103925816&utm_source=hs_email.

57 To batteries and beyond: With seasonal storage potential, hydrogen offers ‘a different ballgame entirely’, UTILITY
DIve (Oct. 12, 2020), https://www.utilitydive.com/news/to-batteries-and-beyond-with-seasonal-storage-potential-

hydrogen-offers/584959/.
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https://blog.ballard.com/renewable-energy-storage?utm_campaign=Automatic%20Blog%20Email&utm_medium=email&_hsmi=103925816&_hsenc=p2ANqtz-9oqrcEKYF9CyBTuDyIhldVtQni_MYcOI6i_O_T5qL0LGZZrc2ZHDPvaVODLrOAEoNSAsqqK4_G1qmre654BgcCuKi5XA&utm_content=103925816&utm_source=hs_email
https://blog.ballard.com/renewable-energy-storage?utm_campaign=Automatic%20Blog%20Email&utm_medium=email&_hsmi=103925816&_hsenc=p2ANqtz-9oqrcEKYF9CyBTuDyIhldVtQni_MYcOI6i_O_T5qL0LGZZrc2ZHDPvaVODLrOAEoNSAsqqK4_G1qmre654BgcCuKi5XA&utm_content=103925816&utm_source=hs_email
https://blog.ballard.com/renewable-energy-storage?utm_campaign=Automatic%20Blog%20Email&utm_medium=email&_hsmi=103925816&_hsenc=p2ANqtz-9oqrcEKYF9CyBTuDyIhldVtQni_MYcOI6i_O_T5qL0LGZZrc2ZHDPvaVODLrOAEoNSAsqqK4_G1qmre654BgcCuKi5XA&utm_content=103925816&utm_source=hs_email

Incentives to
vendors and
community

partners®8 69

Provide incentives to SMUD vendors and community partners to join in
the zero carbon effort similar to what Walmart is doing with its supply
chain. This suggestion would expand on the Walmart idea to include
our Community Based Organization partners.

Reform grid
architecture to
support aggressive
zero carbon goal™

This idea expands on previous ideas already mentioned. SMUD could
focus priorities and resources towards creating a new foundation for the
distribution grid to better utilize and integrate DERS; solar, batteries,
microgrids, EVs, combined heat and power, RNG, hydrogen, fuel cells,
etc. The grid management system would ensure the distribution grid is
balanced and fully maximized before importing or exporting power
to/from the transmission grid. The bottom-up approach would also
involve the community and incentivize the customer to support more
DERs to reach the new zero carbon goal.

Government
relationship and
lobby for favorable
energy policies

Actively lobbying state and federal government on energy policies that
are favorable to electric utilities. Forming coalitions with other utilities to
shape policies and legislations regarding DERSs.

Profit-sharing with
VPP aggregators’t

Itis expected that VPP will become a major supply side resource in the
future grid. Giventhe distributed nature and potential market risk of
VPPs, the operations will likely be handled by third-party aggregators.
In order to balance the risk and profitability, SMUD should carefully
design contracts and evaluate different profit-sharing schemes with
these aggregators.

Liquid air energy
storage - Highview
power7’?

Liquid air energy storage is along-duration storage technology that
stores renewable energy in the form of liquid air (-196degC) and then
expand that air through aturbine to re-generate electricity. The
technology is very scalable (4 hours to 4 weeks).

Malta electro-
thermal energy
storage system’3

Long-duration energy storage that leverages a heat pump with a chilled
liquid cold reservoir and a molten salt heat reservoir. Process is
reversed through a heat engine. Process sometimes referred to as a
Carnot battery.

8 See https://corporate.walmart.com/newsroom/2019/05/08/walmart-on-track-to-reduce-1-billion-metric-tons-of-
emissions-from-global-supply-chains-by-2030 . Last accessed 22 March 2021.

8 The challenge of climate change, MCKINSEY & COMPANY (Dec. 11, 2020), https://www.mckinsey.com/business-
functions/sustainability/our-insights/the-challenge-of-climate-change#.

0 Lorenzo Kristov, The Bottom-Up (R)Evolution of the Electric Power System, IEEE POWER & ENERGY MAGAZINE
(March 20, 2019), https://cleanpowerexchange.org/wp-content/uploads/2019/05/IEEE-PE-1903-Kristov.pdf.

I See Leslie Nemo, New York approves utility revenue sharing for battery storage systems, UTILITY DIVE (Jan. 29,
2021), https://lwww.utilitydive.com/news/new-york-approves-utility-revenue-sharing-for-battery-storage-
systems/594207/?utm_source=Sailthru&utm_medium=email&utm_campaign=Issue:%202021-02-
02%20Utility%20Dive%20Storage%20%5Bissue:32234%5D&utm_term=Utility%20Dive:%20Storage.

2 Technology, HIGHVIEW POWER, https://highviewp ower.com/technology/. Lastaccessed 22 March 2021.

73 Our Solution, MALTA INC., https://www.maltainc.com/our-solution. Last accessed 22 March 2021.
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EV managed
charging (V1G)

Manage charging times or throttle the rate of charging. Managed EV
charging can reduce the scale of impact and need to upgrade service
transformers and eventually (with higher EV adoption) upstream
distribution infrastructure such as feeders and substations which will
reduce the cost exposure to broad EV adoption. Managed EV charging
also can help with the consumption of excess renewable generation
supply (i.e. day time solar overgeneration viaworkplace or at-home
charging) that reduces the need to curtail renewable generation, export
to the market at a discounted price or make additional investments in
energy storage resources.

EV Vehicle-to-grid
(V2G) and/or
Vehicle-to-home

Vehicle sends electricity back to grid/home. Manage charging times or
throttle the rate of charging including potential reverse power flow
(discharge of the vehicle battery). V2G from a functional standpoint is a
superset of V1G. V2G-enabled EVs can mimic stationary battery
storage. As a result, each V2G-enabled EV offers a greater amount
load flexibility than a V1G-enabled EV.

DER aggregation /
Virtual Power Plant

Including use of supply side renewables. Focus on larger scale -
battery and rooftops directly controlled by DERMS. VPP technology is a
longer-term solution further down the road. Confirm difference between
this and load flexibility.

Load flexibility

Thermostat/Water Heater. Set and forget type systems on customer
side.

Carbon capture
and sequestration
(CCS)

Run carbon from our thermal plants through chemical process to
remove carbon dioxide to pure gas/liquid form and transport and store
in underground geologic formations (such as spent gas fields).
Currently viable technology, but there is no place to store or off-taker
for this product in Sacramento. It would be expensive to pipe
somewhere else.

Power-to-gas
technology
(Electrolysis +
hydrogen)

Long-term solution that is the hot topic across the industry.
Complexities around storage, transport, infrastructure permitting and
safety. Very expensive, like 10x to 16x the cost of natural gas today.
One hundred percent hydrogen turbines do not exist today, but turbines
that can burn up to 30-40% hydrogen exist today (mixed with natural

gas).

Long-duration
storage

Could be multiple technologies (pumped hydro, flow batteries, etc.)

Drop-in carbon free
fuels at existing gas
plants

Drop-in carbon free fuels at existing gas plants (biogas, biomethane, or
biodiesel). Fuels that can be burned in our existing gas plants with little
to no capital expense on the generation set. This is anear- to mid-term
solution with complexity in how to transport the carbon free fuels
without emitting additional carbon during transportation. Options can be
expensive.




In partnership with universities (Sacramento State, UC Davis,
community colleges) and/or Code for Sacramento and Women Who
Code meet up groups, host asingle or multi-day opportunity for the
best and brightest students in our region to come together and develop
technology/software solution as an idea-generating event resulting in
project ideas localized to our community. Provide a purpose-driven
program that could result in valuable ideas and potential innovation.

2030 Zero Carbon
Hack-a-Thon™

Modular Concentrating Solar Power. New innovations in tracking
technology substantially reduce commissioning and O&M costs while
increasing performance. Eighty-five percent solar-only CF using molten
salt storage. Formed out of Idealab with key contributions from
Heliogen™ SolarReserve and eSolar. Two projects under development, 5 MW
each. Current full-scale modular size is a5 MW plant and can add
multiple to tens of multiples together. Either build locally to tap into
world-class summertime DNI in Sacramento or build in Mojave and
wheel power.

Establish bioeconomy facilities in Opportunity Zones which will bring

Bioeconomy high-value careers to under-resourced communities. There are no
Development bioeconomy facilities in OZs currently so these communities are not
Opportunity Zone Y y

easily able to take advantage of related careers. Focus would be on
low-risk feedstock (e.g. The Wonderful Company). Research shows
great potential.

(low-risk feedstock
conversion)’¢77

The baseline assumption for this idea s that in order to reach our zero
carbon goal, we will need large-scale adoption of electrification
measures such as EVs & EVSE, DERS, and a customer base that has
been enabled to be responsive to SMUD’s ADR+ signals. To provide a
grid that is capable of easily interconnecting and interacting with these
technologies while maintaining high reliability scores, investments in
infrastructure improvements may be necessary. Investing in energy
storage is an alternative to infrastructure improvements due to capacity
restraints. The primary scope of this ideais to transform SMUD’s grid to
be ready for the 2030 zero carbon goal and to do so with an open
relationship with one storage and one “traditional” infrastructure
manufacturer at the planning table and jobsites.

Long term "Collab-
etition" with storage
and traditional
infrastructure
manufacturers to
enable a zero
carbon grid’®

" This ideais similar to Western Washington University’s Institute for Energy Studies annual Carbon Hackathon . See
the following for more information. https://energy.wwu.edu/carbon-hackathon. Lastaccessed 22 March 2021.

75 See How it Works, HELIOGEN, https://heliogen.com/. Lastaccessed 22 March 2021.

6 See https://bdozone.org/. Lastaccessed 22 March 2021.

7 Jordan Soloman, BD Zones and BDO Zones: Driving Bio-Based Investment in Opportunity Zones, ENVTL. AND
ENERGY STUDY INST.,https://www.eesi.org/files/073020 Ecostrat Driving Bio-Based Investment.pdf. Lastaccessed
22 March 2021.

8 Similar to the idea published by Kristen Coyne, 4 January 2016. https://nationalmaglab.ora/news-events/feature-
stories/collaborate. Lastaccessed 24 March 2021.



https://energy.wwu.edu/carbon-hackathon
https://heliogen.com/
https://bdozone.org/
https://www.eesi.org/files/073020_Ecostrat_Driving_Bio-Based_Investment.pdf
https://nationalmaglab.org/news-events/feature-stories/collaborate
https://nationalmaglab.org/news-events/feature-stories/collaborate

Rail energy
storage?980

Develop a portion of private land near UARP facilities with a rail-based
gravity energy storage scheme. An electrically-powered railroad would
be built between a high elevation point and a low elevation point on
land out of the way from public access. Rail cars of heavy weight would
run unattended on this line, connected into atrain. Rail cars would be
equipped with motor-generator units. This rail line would be sited
adjacent to and existing UARP transmission line. During times of
excess generation, the train would receive energy and run uphill,
consuming energy fromthe grid. When load is needed, the train would
run downhill, contributing energy to the grid. An example site is the
region between Big Hill and Union Valley Reservoir.

Biomass power at
the Sierra Pacific
Industries (SPI)
facility in Camino®!

Seems like the technology is improving to make these facilities more
efficientand we have this massive supply of materials just outside our
service territory, in the mountains surrounding Sacramento. Many of
these projects may not pencil out due to cost of transporting the
materials to the facility but there are other benefits of having these
facilities, namely reducing the build-up up of fuels from non-
merchantable wood byproducts. We have a potential location in
Camino at the old SPI mill site and this could be a joint venture with
them, as they own alot of land in the area and are regularly harvesting.

Liquid metal long-
Term duration
storage battery —
Ambrig?

Co-founded by MIT materials chemistry professor Donald Sadoway in
2010 and part-fundedto get off the ground by Bill Gates, Ambri has
designed a battery that uses a liquid calcium alloy anode, molten salt
electrolyte and a cathode made of solid particles of antimony. The
company claims this enables a low number of steps in the cell
assembly process while the materials are low-cost. Ambri also
integrates the batteries into a containerized energy storage system
solution of 1 MWh and up to 250 kW.

Collaboration or co-
development
opportunity with
Sacramento-based
startup, Infiniums3

Potential collaboration or co-development opportunity with Sacramento-
based startup, Infinium. About Infinium: The company is
commercializing a process that uses renewable electricity to release
hydrogen from water and mix the hydrogen with waste carbon dioxide
to make synthetic gas.

® pdvanced Rail Energy Storage, LLC. UTILITY SCALE ELECTRIC ENERGY STORAGE SYSTEM, Patent No.:

US 8.593,012 B2.

80 GravityLine, ARES, https://aresnorthamerica.com/gravityline/.

81 See https://www.spi-ind.com/. Last accessed 22 March 2021.

82 Technology, AMBRI INC., hitps://ambri.com/technology/. Last accessed 22 March 2021.
83 Technology, INFINIUM, https://infiniumco.com/technology/ Lastaccessed 22 March 2021.
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Utility solar in high
country areas

Consider installing utility-scale solar in our UARP service area. There
are lots of open area, burn scar acreage fromthe Kings fire and other
fires that have been cleared and could be potential sites. Solar panels
operate more efficiently at higher elevations where it is cooler and the
air quality is better. Transmission lines are in the vicinity to import
power into SMUD's power grid. Roads are available for site access too.

Thermal energy
grid storage

MIT#84is working on a very high temperature long-duration storage
technology that leverages Graphite Thermal Storage Units to store
electricity in the form of aliquid tin working fluid. The energy is
extracted using a multi-junction PV power block. The liquid tin is
transferred to the power block using a patented liquid tin pump. The
liquid tin is heated to >2000degF using excessrenewables, and
converted back to electricity using the multi-junction PV power block,
which can be inserted and removed from a cavity containing the molten
tin to modulate power production. The tin, when heated to these
temperatures, emits a bright white light that is used to capture the
stored energy. The technology makes use of common very low cost
materials, aside from the small amount of multi-junction PV cells, which
are readily available, making it very scalable and low-cost.

Rancho Seco
industrial area use

Use the Rancho Seco site to implement and test chosen ideas and
technologies. Facility siting will need to be addressed, and a site that
was home to a nuclear power plant should be able to house battery
banks, H2 storage and many other possible technologies. Its proximity
to solar and our Cosumnes Power Plant also make Rancho Seco a
favorable location.

Each change
matters

Make all high capacity solar energy/battery storage auto dispatchable
using EMS to better manage energy in the grid. SMUD needs to have
rooftop solar control capability. Install/lease more solar plants all over
the SMUD region. Thermal plant/hydro plant controller needs to be
tuned further to overcome solar variation. Control EV charging as
needed. Need more battery storage to overcome duck curve and
smooth control of grid. Not only SMUD needs carbon FREE energy, but
that needs to be manageable like any other existing generating plant.

84 Atomistic Simulation & Energy Research Group: Thermal Energy Grid Storage (TEGS) Concept, MASS. INST. OF
TECH., https://ase.mit.edu/projects/thermal-energy-arid-storage-tegs/. Last accessed 23 March 2021.
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Allam-Fetvedt
Cycle® for up front
carbon capture

Net Power is operating a new type of natural gas plant in LaPorte,
Texas that uses the Allam-Fetvedt Cycle. The process involves burning
fossil fuel with oxygen instead of air to generate electricity without
emitting any carbon dioxide. Not using air also avoids generating NOX,
the main atmospheric and health contaminant emitted from gas plants.
This is a new, high-pressure, oxy-fuel, supercritical carbon dioxide
cycle that generates low-cost electricity from fossil fuels while
producing near-zero air emissions. All carbon dioxide that is generated
by the cycle is produced as a high-pressure, pipeline-ready by-product
for use in industrial processes, or that can be sequestered underground
in tight geologic formations where it will not get out to the atmosphere
for millions of years. The Allam Cycle also means the power plant is a
lot smaller and can be sited in more areas than older plants can.

Concentrating
Solar Power with
Thermal Energy
Storage. 86

Concentrating energy storage can shift bulk generation like pumped
hydro, but with lower energy losses. These technologies are
complementary to battery storage however are longer duration than
current battery storage installations. Dispatchable CSP enables greater
penetration of inverter-based generation.

8 The Allam-Fetvedt Cycle, NET POWER, https:/netpower.com/technology/. Lastaccessed 23 March 2021.
8 Dr. Fred Morse, President of Morse Associates, Inc,
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Appendix D: Global energy decarbonization efforts

In setting a goal of reaching zero carbon by 2030, SMUD is laying out an aggressive clean
energy pathway. Here’s an overview of carbon reduction goals in other jurisdictions.

Sweden is on an ambitious GHG reduction trajectory with along-term climate goal that
by 2045 Sweden will have net zero GHG emitted into the atmosphere and should
thereafter achieve negative emissions. Thistranslates to 2045 emissions being at least
85% lower than emissions in 1990. Sweden has already implemented several major
climate measures such as the Klimatklivet initiative (the Climate Leap), the reduction
obligation, a bonus-malus-system for new light vehicles, urban environment agreements
and the industrial green investment aid program Industriklivet (the Industrial Leap).
Moreover, within Sweden there is robust cooperation for the Fossil Free Sweden
initiative across the business community, municipalities, regions, research institutions
and civil society organizations. So far, 22 sectors (including some large emitting sectors
like steel, mining and minerals and the automotive sector) have produced and submitted
road maps for fossil-free competitiveness.8’

Australia has set a goal of reducing economy-wide GHG emissions between 26% and
28% below 2005 levels by 2030. & It plans to leverage $18 billion in government funds
and an additional $50 billion in private investments to drive down the cost of deploying
new and emerging technologies aiming for economic competitiveness with existing
business models. Priority technologies are clean hydrogen, energy storage, low carbon
materials (steel and aluminum), carbon capture and storage and soil carbon.

The European Union (EU) has set abinding target for net domestic reduction of at least
55% by 2030 relative to 1990 levels.?® Within the EU, fossil fuels are the largest source
of GHG emissions and reforming the energy sector will play a central role in transitioning
to a climate-neutral economy. It will also craft policies to improve energy efficiency such
as strengthening the role of Eco-design standards and improve EU consumer access to
energy efficient products. It'll also explore opportunities to review and revisit renewable
energy sustainability criteriaand the EU certification system for all renewable and low
carbon fuels. Finally, the EU will tackle vehicle emissions by strengthening carbon
dioxide standards for cars and vans, and reflecting on the phase-out target date for
internal combustion engines.

The United Kingdom has set an economy-wide target to reduce GHG emissions by at
least 68% relative to 1990 levels by 2030.%° The U.K.’s Climate Change Committee has
recommended a comprehensive path including encouraging healthier diets with reduced
consumption of beef, lamb and dairy products; extensive electrification measures;
expanded use of renewable and other low carbon power generation and development of

87 https://unfccc.int/sites/default/files/resource/LTS1 Sweden.pdf.

88 https:/iwww4.unfccc.int/sites/ndcstaging/Published Documents/Australia%20First/Australia%20NDC%20recommuni

cation%20FINAL.PDF.

89 hitps://ec.europa.eu/commission/presscomer/api/files/attachment/866232/EU%20Climate%20Targ et%20Plan %202

030%20Key%20contributors%20and %20policy%20Tools.pdf.pdf.

9 https:/iwww4.unfccc.int/sites/ndcstaging/Published Documents/United %20Kin gdo m%200{%20Great%20Britain %20

and%20Northern%20Ireland%20First/UK%20Nationally%20Determined %20Contribution.pdf.
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a hydrogen economy. Notably, its transportation sector recommendations move beyond
passenger vehicles and heavy-goods vehicles to include marine vessels.°!

Mexico has set its GHG reduction goal at 50% of national GHGs by 2050 below its 2000
emissions level. For its energy transition, Mexico has established policies to direct action
in five important areas: the clean energy transition, energy efficiency and sustainable
consumption, sustainable cities, reduction of SLCPs and sustainable agriculture and
protection of natural carbon sinks. It has also identified strategies for critical crosscutting
issues including the need for market-based instruments to price carbon, increased
innovation, more research and development of new technologies and the need to build a
climate culture with mechanisms for social and private sector participation. %2

Canada has set a mid-century strategy consistentwith net emissions falling by 80% by
2050, relative to 2005 levels. To do this, Canada has noted it will require substantial
efforton the part of all Canadians and that there will need to be a fundamental
restructuring of multiple sectors of the economy. Cost-effective abatement opportunities
will be explored for virtually every GHG source and activity. Specific to the energy
sector, Canada will pursue opportunities for enhanced energy efficiency and
conservation, to find cleaner ways to produce and store electricity and to switch toward s
non-emitting electricity or other low-GHG alternatives.

Inthe U.S., efforts to decarbonize energy supply are largely decentralized. Most of the gains
within the U.S. are attributable to state-level action and the economics of solar and wind as well
as the shale boom driving new development away from coal. Large U.S. corporations are also
playing a role. For example, Microsoft has committed to be carbon negative by 2050. And, in its
first sustainability report, it forecasts a 6% reduction in carbon emissions during the 2020 fiscal
year. Moreover, Microsoft reinforced its commitment to sustainability by announcing that
progress on sustainability goals will be included as a factor in executive pay. More recently,
market forces have prompted General Motors to announce it would seek to be carbon neutral by
2040, which the company hopes to achieve, in part, by aiming to make all of its light-duty
vehicles (cars, pickup trucks and SUVs) electric by 2035.

Cities and municipalities are also pledging to reduce their climate impacts.

The City of Sacramento has adopted a climate emergency declaration that commits the
city to carbon neutrality by 2045. The Mayors’ Commission on Climate Change further
identifies recommended actions to achieve net zero carbon emission by 2045. The City
is in the process of updating its climate action plan to reduce community-wide emissions
to 40% below 1990 by 2030 and is embarking on an electrification ordinance for new
construction, with all-electric construction required for low-rise in 2023 and for buildings
over three-stories in 2026.

The County of Sacramento has adopted a climate emergency declaration that commits
the county to carbon neutrality by 2030 and is in the process of developing acommunity -
wide climate action plan to reduce emissions.

9 hitps:/iwww.theccc.org.uk/wp -content/uploads/2019/05/Net-Zero-The-UKs-contribution-to-stopping -global-

warming.pdf.
92 hitps:/lunfccc.int/files/focus/long-term_strategies/application/pdf/mexico_mcs_final cop22novl6 red.pdf.

9 https://unfccc.int/sites/default/files/resource/Canada's%20Mid -Century%20Long-Term%20Low-

GHG%20Strateqy.pdf.
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e The City of Palo Alto has a plan to reduce its emissions by 80% by 2030. The road
map for achieving carbon neutrality includes strategies such as advancing smart grids,
incorporating a zero waste and a circular economy, partnering with the community and
maximizing use of carbon sequestration and storage in the natural environment.

e The City of Richmond has a climate action plan built upon community input and cross-
sector collaboration, which prioritizes actions and outcomes of greatest community
benefit - initiatives to improve equitable services and overall quality of life. Past
initiatives included a ‘green’ job training program and employment opportunities for local
youth, more miles of bikeways and a 10.5 MW solar facility. Looking to the future, focus
areas include energy-efficient buildings and facilities, increased use and generation of
renewable energy and improved sustainability of transportation and land use.

e The City of San Diego has committed to 100% clean energy by 2035 and has set
additional targets for transportation (50% of urban commutes via transit, walking and
biking), tree coverage (35% coverage throughout the city) and waste reduction (zero
waste by 2040). To achieve this, the City will work to educate consumers on energy and
water efficiency; improve local public health and increase local control, reducing
dependencies on imported water and energy. The City has also placed job creation at
the forefront indicating a commitment to setting incentive-based policies to help create
green jobs, such as those manufacturing and installing solar panels.

U.S. utilities are setting carbon reduction goals too, with many placing themselves on a
trajectory toward carbon neutrality or 100% carbon free electricity. Below, we’ve summarized
what a few utilities are doing, but this list is not exhaustive. See Error! Reference source not
found. for additional high-level information on GHG reduction goals some additional utilities and
other locations around the world have set.

e Los Angeles Department of Water and Power (LADWP) will supply 55% renewable
energy by 2025, 80% by 2036 and 100% by 2045.°4 One way it will do this is with its
Intermountain Power Project, which is a two-unit 840 MW combined cycle natural gas
plant that will replace a 1,800 MW coal facility.

e Xcel Energy has set a target of reducing GHG emissions by 80% below 2005 levels
company-wide by 2030, which it’ll achieve through continued fleet transition, operational
changes and by employing renewable, carbon free generation and energy storage
technologies.®

e Virginia-based Dominion Energy had a plan to reach net zero carbon by 2050.
However, that timeline has been accelerated by Virginia’s Clean Economy Act, which
requires Dominion Virginiato supply at least 30% of its electricity from renewables by
2030 and by 2045, they must shut down their carbon-emitting plants.®® It's 2020 IRP
indicates that efforts will focus on renewables, including agoal of 5.1 GW of offshore
wind over the next 15 years, and eliminates previous plans to build new natural gas fired
power plants.%”

% hitps://plan.lamayor.org/targets/targets_plan.html#:~:text=By%202050%2C%20L.A.%20will%20have,our%20progr
€s5%20in%20this%20fig ht.

9 https:/lwww.xcelenergy.com/staticfiles/xe/PDF/Xcel%20Enerqy%20Carbon%20Rep ort%20-%20Feb%202019.pd f

% https:/iwww.greentechmedia.com/articles/read/the-5-bigg est-u.s-utilities-committing -to-zero-carbon -emission s-by-

mid-century.
9 |bid.
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e InJanuary 2020, Arizona-based utility Arizona Public Service Electric set agoal to
provide 100% clean, carbon free electricity by 2050. It plans to achieve this by working
toward a 2030 resource mix that's65% clean energy with 45% of the generation portfolio
coming fromrenewable energy. It’s also accelerated the timeline to transition away from
coal, ending all coal-fired generation by 2031 — seven years ahead of previous
projections.

e Portland General Electric aims to achieve company-wide net zero GHG emissions by
2040. It plans on reducing emissions in its own operations by ending operations at coal
plants and adding more renewables like wind, solar and battery storage. % It also plans
to reduce emissions in the energy choices provided to its customers, continuing to
create new, innovative programs that offer choices for customers looking for clean,
green energy options.

e As the first carbon-neutral utility in the nation, over 80% of the power delivered by City
Light (Seattle) is generated from carbon-free hydroelectricity.®® It does not have coal or
natural gas resources in its power supply portfolio, but it does make market purchases
for balancing purposes. Emissions associated with those purchases are offset by the
utility’s GHG neutrality policy.

e The Hetch Hetchy Power (City and County of San Francisco) is comprised entirely of
proven clean technology resources—385 MW of hydroelectric generation capacity and
11 MW of renewables (solar, wind and biogas). It powers all of the City’s municipal
facilities, residents and businesses in the San Francisco Shipyard, Treasure Island as
well as other retail customers—nearly 20% of the City’s electricity needs.

9% https://portland general.com/about/enerqgy-future/climate-goals.
9 https://lwww.seattle.qov/city-light/energy-and-environment
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